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LEHER OF TRANSMITTAL 



U. S. DSPARTMBNT OF AOBICULTURK, 

Division of FoREsriiY, 
Washington^ 7). C, June 24^ 

Sir: I bave the liouor to transmit herewith f«)r publication a brief 
presentation of tiie methods by which 7ne{isiircments of felled aud 
standiug trees and of whole forest f^rowths are best performed, together 
with a discasMion of a method employed in ascertaioing^ the rate of 
growth of treMand forest crops, developed ifi the Division of Forestry, 
by Mr. A. K. Mlodziansky. 

The pablication of these (with ezoeption of the last) more or less 
elenieiitary methods of proeedoie, selected ftom a large Dnmber of 
metliods that have been developed, seems justified at the present timoy 
as with the waning of forest sapplies more accurate methods of meas- 
uring tlie forest crop are indicated. Moreover, the entire bnsinees 
arrangenients of a weH*condDcted forest management are based npon 
a knowledge of the amount of product which may be had or expected 
from a given area. This knowledge can not be satisfactorily ascer- 
tained by m<^ estimates; hence mathematical methods must be 
employed. 

EsiM'<-inlly ia this true witli regard to the rate of growth at which the 
forest crop develops, for all tiuaucial caii ulutions of the i)rofitaMtMM ss 
of forest management presupfWRe this know ledge. The mcihod devel- 
oped by Mr. Mlodziansky in the work of the Division, with regard 
to collecting and < olhiting the data in ascertaining the rate of growth 
of white pine aud other H]>ecie8, the results ol whicli are presently to be 
published, will recommend itself for the rapidity with which a* large 
number of measurements oan be coordinated and summarized. 
Respectfully, 

B. E. Febnow, Ch^f. 

Hon. Jahes Wilson, 

Secretary of AgrtetUture, 
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MEASURING THE FOREST CROP. 



nimoDVCTzoN. 

The methods of measuring wood when cut are well known. Far 
firewood and billets, for palp wood, spokes, staves, etc., the cord of 128 
cubic feet is empl<»yed ; for telegraph poles, posts, etc., the IiDeer foot, 
with diameter limits, ftaroisbee tbe measure; ibr saw logs varioas stand- 
aid log mies are nsed, which pretend to give the amonnt of timber that 
can be sawed from logs of given lengths and smallest measnred diam- 
eter. We say •^pretend," for in fact the amonnts given in these log 
mlea, or scalers^ books, do not in most cases coincide with tbe amonnt 
obtained by the miller. That amonnt depends upon the care with which 
tbe miller handles the log and the character of the saw be employs. 

It is not, however, the measnring of the cut wood that we propose to 
discuss here, bat the measuring of the standing crop as it is found in 
tiie forest. This knowledge, not oidy of what amount of wood is stand- 
ing on an a<'re «it a {;iv«»n time, but what amount grrows in a year or has 
grown ill a fjiven i)erio(i, is of ^^eat importance with a crop which 
requires many years to mature, and does ii<'t, like a tield crop, have a 
deiiiiitc ju riod when it is ripe, but with which the harvest depends on 
the (juestitMi when it is I'rotitable to cut the crop. 

The amount which grows each year varies at (IffTci ent periods of the 
life of the crop, hence if we want to <letermine wlu n it is most prohtahle 
to cut the « rop we must be able to measure its growth and to deteriniiie 
whether the yearly or periodic increment is such as to make it desirable 
to let the crop stand because it increases in valoe in dae proportion to 
the oo«t of its standing, or to cat it beeaase the wood made per year 
cesses to pay interest on the cost 

In order to measoie tlie amonnt of timber standing and the amount 
of wood growing we mnst know the methods of measnring (I) the 
eon tents of a single tree; (2) the contents of a stand of trees or grow- 
ing stock; (3) the rate at which single trees and whole stands grow 
tinder varying conditions and at various ages. 

While fall knowledge of the subject may be acqnired only by special 
stady and application, familiarity witii the simplest method is within 
the ea^ reach of everyone interested or engaged in lumbering or 
forestry operations, and only the simplest methods are to be discussed 
here. 
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There are various metliods employed in deterniiiiinp the height of a 
staudiii;^ tree; of theae the geometrical methixl may be recommended 
for its HiiiipHcity and safBcient a<'ciiracy. At some distance from the 
tree (lig.l), where both top and biise are readily visible, place a pole from 
4 to 6 feet long (SF) perpendicularly in the groiuui; \mt in the groui*d 
auother aod longer pole (DE) at some distance fi-om the first one, so 
tliftt the polis aad 4ne are 'Bitiiated in the same yertical plane. 




Fia. 1.— MeMuriog th« hslghl of a tr«e by idmim of two polos. 

Sight from the top of the smaller po\e the base and the top of the tree 

and notes the i>oiuts where your lines of vision intersect the longer pole; 
measure the distance between tliem: measure also the horizontal dis- 
tance between the small j^ole and th»' tree and that between the two 
poles. Multiply the lirst distance by the second and divide by the 

third, the result hdng the height of the tree ( — j- 

Example: Let the distance i»etweeti the points where the lines of 
vision iutersect be 6 feet, the diolauce between the pole and tree 30 
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feet, the distanee between the poles 2 feet; then the height of the tree 

6x30 
eqnala ^ =90 feet. 

Another slinple method, where poeslble, is to measiire the ehadowof 
lie tree and of a pole or man, when the nnhnown height {h) of the tree 
is in the same ratio to the known length of its shadow (s) as the length 
of the pole {p) to that of Its shadow {pa), both of whieh are also known; 




fn. 3— IfCMaring the height of • trae by aieaa« of • riglib-aagled toosoolM triragle. 

that is to say, the height is eqnal to the product of the tree's shadow 
and the pole's length divided by the length of the pole's shadow 

There are various instrnments for measnrinp the hei^Mitof a stand- 
ing tree, based on the same principles as the lirst nieiitioned simple 
method. The calrulations arc usually plarcd on the scale of the instru- 
ment and tlie height can be read otV at once. The simplest one is a 
rifjht-anfrled isosceles triangle, which may easily be made ot paste- 
board or wood. In using this triangle the observer should select a 
8j»ot on the same level with the base of the tree at a distance approxi- 
mately equal to the height oi the tree ^flg. 2). 
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Place the triangle to the eye so as to sight along the longer side, 
while holding the shorter sides (with the aid of a plumb line) bo that 
the one is strictly vertical, the other horizontal ; then shift yoor posi- 
tion forward or backward until you can just sight the top of the 
tree; nieasnre your distance from the tree and add the height of your 
eye above the ^roiin<l; the sum jjives the Iteiprhtof the tree. Alter 
some pi actiL-e witli either of these two methods on trees Ktanding in the 
open, one may become suilicieiitly exx)ert in estimating the heights of 
trees to meet most re(iuirement8. 



The most convenient instrumetjt which may be recoiii mended for 
niea^ui iug the height of trees is the so-called mirror hyp^umeter" of 
i'austmau. 




FfO. 8.»PMUtiniui'« Tntrror hjpwmeU^. 



The instrument (fig. 3) consists of the following parts: 

ABCl>->Rertangnlar wooden bo«nl (or bam (huse), 7.3 inebe« long and 3.1 
inches wide. 
a^Eyepiece mado of braw. 

Fntme with hair Iin». 
f0— finding acalo for rejiisteriiiR thf» distanro from the observtT to the tree. 
It COiisiBtH of two ]iartK, the Hhitting purt wiili tlK< it larhtnT rit of 
tlie plumb line ,</S, and the graduated part with a spring aktach- 
ment (/} to keep the •bifting part in position. 
ODil— B«i|^t ae^a ftam wkich tb« haight ia read off. 

E->Mirror. of similar Ii iigtli with tba board and 1 ittoli wide, in which 
tha baigbt ecale is reflected. 
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In luing tlie mstniment the obsenrer should select a spot ftom whieh 
the top of the tree Is distinctly seen; then measnring off the distance 
from the tree in feet, shift the sliding scale nntn its lower end stands 
opposite this distance. Theraapon sight from the eyepiece past the 
hair line Mid the top of the tree and 
read off in the mirror tbe figure 
wljicb the ])1iiinb line strikes on the 
scale, in the same manner sight the 
base of the tree and find the con e- 
Hpoiidiiig figure. The sum of the 
two figures rei>resent8 the hei<;ht of 
the tree when the observer is situ- 
ated above the level of the base of 
the tree. When the observer is sit- 
uated beh>w the level of the base of 

tbe tree tbe difference between those figures should bt) taken in order 
to obtain tbe height of tbe tree. The figure represeets the position of 
the instmment when in nse, the obeenrer being supi^sed as on the 
same level with the base of the tree and as shown on the sliding scale 
at 100 liset duitant; the height of the tree, as Indicated by the position 
of the plnmb line reflected in the mirror, is 40 feet. When the in- 

strameut is not in nse all its parts 
are easily folded and pnt into a ease, 
which can be conveniently kept in the 
pocket. 

MEASUBEMBNT OP DIAMETER. 

The diameter of a standing tree is 
nsnally taken ])rea8t-high or above the 
swelling of the base and measured by 
a pair of calipers, tlie essential parts of 
which are a {jradnated lule, divided in 
inches au«l subdivisions, with two arms 
(fig. 4), one of which ( ACi is fixed at 
right angles to the {jjradnatrd rule ( Ali), 
while the other may be sliitt«'d along 
the rule, remaining parallel to the im- 
movable arm (AC). 

In measnring, tbe calipers are nsnally 
placed breast-high horizontally against 
tbe tmnk, so that both tbe rule and 
the immovable arm tonch it; then the 
movable arm is shifted along the inle until it is brought In tooch 
with the trunk, when the diameter can be read off on the rule. The 
length of tbe rule depends upon the size of the trees to be meas- 
ured, and the length of the arms should not be less than half of that 




Fw. f.—Sectiiin of the movable ma of 
ilejer'a caiipeni. 
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of the graduated rule. Calipers from 4 to 5 feet long will answer in 
mostcasea,* 

Since trees are rarely cylindrical, being ofben larger in one direction 
than in tlie other, it is advisable to make two measurenionts and take 
tlie average, or else take raro to uieasnre the estirnate<l averagi^ diam- 
eter. Instead of ineasurint*: the diametor, the circumference n)ay be 
measured by a tape and the diameter detei iiiine<l by dividingit by 3.14| 
which is the ratio of the circamfereuce to the diauieter. 

MBASUBXMBNT OF VOLUME. 

iu determining the vohuuc of a standinj; tree the stem or bole only 
is considered; tlie cubic contents of the brauches may be estimated by 
tbemselvcK. It is rather difficult to determine the volume of a standing 
tree because geometrieal forms which exactly eorrespond to the shape 
of a stem are not known. Moreover, the shapes of trnnks differ with 
age, with species, and with the soil and forest conditions under whieh 
they grow; hence we can obtain the volnme only approximately by 
comparing it to the mathematical form which it resembles most nearly. 
The form of a stem of a tree is neither a cone nor a cylinder, bnt resem- 
bles most closely the form known as a paraboloid. The volume of a 
paraboloid equals the product of its base by one-half of .its height. 
The base of the tree is taken at a distance from the ground, usually 
breast-high, where the irregularities of the trunk caused by the root 
flwelUugs terminate. Ilere the tree is calipered, and the area for the 
corresponding diameter (found in the area table, p. 37) is muitipiied by 
one half of the heifjht of the tree. 

Example: Let tlio iHMVirlit of the tree be (HI feet, tlie diameter, 
breast hi^'-hj 21 incJies. i he iu e;i ( orrcisponding to a circle of 21 inches 
diameter is 2.40 square feet. The volume of the tree theu equals 
2^40 X 90 ^ ^y^^ 

Aiioilicr liielliod, »ievit*ed by a dcrman forester, Mr. Pressler, may 
be recommended for determining the volume of a standing tree: Find 
a place along the stem (fig. G) where its diameter {d) is exactly one- 

•The calippT^ shonlfl b« so coaBtriicte<l that the urni- work Btrictly parallel to ♦^arli 
other and at right anglea to the rule; it Hhuuld, ibcrdure, be iiimle of wood which 
is not easily affected by moisture. Air-dry pear wood luay be recommeuded aa ft 
material least sabject to thriofcage. Swelling and shrinking of the wood makes tlie 
Sfalfting of the arm either difficult or too easyi often tbrowiug the arm oat of tke 
perpendicular, thus de8troying the required parallfliMiii 1)»'t\ve<»n the arms. To 
avoid this various couiftruotioos of calipers have l>veu adopted. The oalipero of 
Oostav Heyer, a section of whick is given in tig. 5, may be reoommendsd. A re pre- 
sents tke section of tlie movable am; R is the cross section of the rale; S a spring 
fastened at A pressing on ttie rule and pushing it down ; ir ih the cross Hcction of a 
wertpe Tiiado of brass and fasteiuHl in n screw which «'an be moved by th^ k«'y K. 
By moving the wedge backward and forward the rule can be tightened or released, 
tiiQS enabling the observer to regnlate the shifting of the movable arm witbont 
throwiDg it out of tlie perpendioalnr. 
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half of that at breast height (D) ; this point is called the guide pofnti 
This poiot ean be deternniDed by estimate after some ])ractico or else 
by use of a simple iostrumeut (fig. 7) consisting of three hollow oylin' 
ders (A.,. B, and C), which fit one into the other. 
The instrnracnt then can be lengthened and 
shortened in the sanio way m nn ordinary tele- 
scope. The cylinders may be made of stift' ma- 
uila or other iiiinilnr paper. Into the outer 
cylinder (A) two i)iu8 [k and /) are thrust 1 inch 
from the end ; they ean be moved in and out, 
permitting a ehantre of distance between their 
heads. Cylinders A and B are of the same 
length, 13 ioehes each, while that of C is 2 inches 
long. The end of cylinder O is closed by a 
paper cover, in the center of which a hole (y), 
of one-fonrtJi inch in diameter, is made as an 
^epieoe. Looking throngb the tfyepieoe (y), 
arrange the heads of the pins so that the dis- 
tance between them coincides exactly with the 
diameter of the tree at breast height* With- 
out changing the distance between the heads 
of the pino, the observer draws out the cylin- 
ders so as to doable the former length, allowing 
for that purpose the two inside cylinders to 
project into each other ! inch; then range the 
telescope up the trunk until a point is foniMl 
where the diameter of the tree again corre 
s ponds with the distance between the head 8 of 
the pins. At thi.s point the diameter of the tree 
is one-half of ihat at breast height. To obtain 
the volume of the tree, estimate or measure the 
heightoftheguiiie i»oiiit, mUI 2 feet, and multiply this sum by two thirds 
of the area corresiiondiug to the diameter (I)) measured at breast height. 
Ejcample: A tree of 26 inches in diam^r at breast height is 13 




Fia. 0.— rrwinler's inetbod of 
datanninlBg tlra toIum of » 






FW. 7.— ZMtmiiiMit 



Cfilndan Amwa oat. 

ftir daMnBloliig tlw goids poliit. 



inchc.s 111 diameter at a height of GO feet from the ground — that is to 
say, the height of the tree to the guide point eciuals 60 feet. Adding 2 
to 60 and junltiplyiug by two-thirds of 3.69 (3.69 square Uset represents 



14 



the area of a circle with a diameter of 26 inches), we find the volame of 
the tree to be 152.5 cubic feet. The merit of thiti method lies in it» 
being efjnally applicable to trees of various geometrical forms; it is 
coiTe<-t for trops of ]>nrnb(>lic and conical forms: for trees rei>re8eiiting 
the form of a coue with a cooc^ive surface the difiioreitce ia only 1*4 per 
oeotk 

itbasubbmbut op TOLTms of a standing tbeb bt bhplotino 

THB FACrOB OF SHAPE. 

The tranks of trees, es has beeu mentioiied, differ in shape. The 
shape of the track of a cypress, a sprace, or a fir is totally differeut trnm 

that of a pine, hemlock, or oak. The cypress, 
sprace, and fir, tapering rapidly toward the top 
of the tree, form stems resembling either a oone» 
as in the sproce and fir, or a neloid or oonieal 
shape with a concave surface as in the cypress. 
The pine, th^ hemlock, and moat of the hard- 
wood trees, tapering more gradually toward 
the top, form stems of a couical shape with a 
convex surface. Au oak or a tulip tree, on the 
oth<»r Itand. may nearly approach the sliai>e of 
a cylinder. As wo h:\yp sfntcd before, trees 
never atf;un ;v niatliemiUical form, but on!v ap- 
proximate more or less closely one or the other 
form. 

The Euroi)eati lorcKters noticed long ago that 
there exists a relation between the actual vol- 
ume of a tree and that of a regular geometri- 
cal body of corresponding dimensions. From 
actual (ralcnlation they learned further that 
this relation, varying with the kinds of trees, 
their dimensions, and conditions of growth, 
seems to be strikingly uniform. In Germany, 
for instance, there were measured more than 
forty thonsand individual trees of various spe- 
cies and, iill of tbem being felled, the forester 
was able to determine their volume in an accu- 
rate way. The actual volume of ea<'h individ- 
ual tree thus obtained was compared with that 
of a cylinder of the same height and of the diameter at breast height. 
Thiv>* com]»irison i)roved that the actual volume of the tree when di- 
vided by that of tbc cylinder of tlie (•orresp()ndin<^ dimensions gives a 
quotient wliirh is constanr tor trees of the same species, approximately 
tlie same dnnensions, and <;i()wn under t he same forest conditions. 

This fjnotient showing; tin* taper of tin* tree, or the relation between 
the volume of a tree nnd of a < ylind«'i of the same iMMirht and <liameter 
breast high, is called the /actor oj shape or Jonn factor; it is usually 




Via. 8.— DetrroiioUi^ t\w. fac- 
tor of •bapt*. 
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expressed in dedmals and represents arithmetlcaUy tlie torm of the 
stems. 

For instanee^ if ve take a tree of 22 inches diameter and 82 feet in 
height {fig, 8), whose volnme by carefnl measarement we have fonnd 
to be 93.1 cnbio feet, we determine its form arithmetically or its fhctor 
of shape by dividing the volume of the tree by the volame of a cylinder 
of the same diroeusions, which is 216,6 eabie feet. The &ctor of shape 

is, therefore. v^'^=0.43. That means that the volnme of the tree is 

2I0.5 

forty-three hundredths of the volume of a cylinder of the same diameter 
and heiV^it. Applying this method when factors of shape have brcTi 
deteruiiued by a number of previous inensnrcinents, the diameter and 
height of the tree are measnred, the volume ot the corresponding cylin- 
der found, and that volume multiplied by the factor of shape iu order 
to obtain the cnbic contents of the tree. This method gives more 
accurate results than those obtained from calculations of geometrical 
forms which the stems of the trees are supposed to represent. The 
factors of shape of a species may be determined from a number of 
accurate measnrements of the volnme of felled trees. 

Below we give the factors of shape Ibr white pine when sitnated in a 
moderately dense forest. They are based upon 722 individual trees, 
which, being fblled, were measured and the results collated in the 
Diviaion of Forestry, with a view of determining the rate of growth of 
the apedes: 
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It is seen that for a pine from 20 to 30 inches in diameter the factor of 
sliape is 0.41. Suppose we are to dt rtmne the volume of a standing 
white pine of 31 inches in diameter, breast high, and I'M) feet iu hei^Mit. 
The volnme of a cylinder of 31 inches in diameter and 130 feet hiph is 
equal to 081.4 cubic feet. Multiplying 681.4 by the fiictor of shape 
(O.il) we determine the volume of the tree to be 270.4 cubic feet. 

MSASURSMBNT OF FBIiLBD XR£BS. 
HEIGHT AND SIAMBTSB MBASUBIlfO. 

The height of a felled tree is measured either by a tape (a steel tape 
measure being roost accurate) or by a measuring pole ftom 4 to 8 feet 
long. The diameter of a felled tree at any given place is measured by 
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calipm desoribed above. It Is always advisable to note the average 
diameter of two measazemeiits taken at a right angle, 

MEASUREMENT OF VOLUME. 

The volume of a felled tree may be determiued with more accuracy 
til nil flint of a standing tree, for the tree on tlic frronnd may be 
measured ia parts and the volume of ea<*h part determineil .separately. 
While the tree, taken as a whole, d<vi s not closely resemble auy of the 
knowu geometrical forms, the portions of the tree, especially wheu they 
axe small, may be compared to some of the known forms with less 
hesitation. Of the various methods which may be employed iu deter* 
miiiiiig the volume of a telled tree, the following are recommended: 

(1) When great accuracy is required and the volume of the Htump u 
indmdetL—DiYide the tree into sections, each 4 feet in length, and 
caliper at right angles at eaoh seetioDy noting the average of the two 
diameters, induding that of the bntt Find in the table the areas 
eoneqiondiug to the diameters noted and add all together. Mnltiply 
the stun of the areas by 4 fset and the product will be the total volume 
of the tree, if the last measurement with the calipers was taken at 2 
eet from the top. If the last measurement with the calipers was taken 




FiAk ft.~IM«iiniBlBff tk* Toliiflie of m fUM tiWb 



at a greater distance from the top, the volume of the top part must yet 
be added. The volume of the leader, or top, equals one-third the prod- 
uct of the basal area by its length. The base of the leaa ^ is taken 
at 2 feet from the last point of measurement with tbe calipers. The 
diameter of the leader is measured and tbe corresponding basal area 
found in the area table. Example: Let the average diameter of the 
butt be 7.6 inches (fig. 9), and the average diameters calipered frnm 
butt for every 4 feet be, consecutively, 5.9, 5.5, 5.1, 4.9, 4.^ 3.5, 2.5, 1.7, 
and 0.8 inches. The last measurement with the calipers was taken at 
2 feet from the top. In the area tables we find: 



Lucution. 



Butt 

4 feet from bntt. 
8 Teet f rom liutt . 
12 IW<t (mm liiitt 
le feet frwD butt 
90 ttM ham butt 

24 fwt fnilii litltt 

28 fott frotu butt 
32 fret from butt 
86 feet fken butt 



tan. 
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7.6 




5.9 


.190 
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.m 


5 1 
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i.» 




4. -4 
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«.» 


\ 1.111 


2,6 


Am 


1.7 


.Olrt 


0.8 


.0<rj 




1.1M 
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' Mnltiplyiiig the sum of the areas 1.164 by 4, we find the total Tolame 
«if the tree to be i.o cubic feet. In case the last measnrement with the 
calipers wae 3.5 inches, i. e., it was taken at U feet from the top, then 
the volume of the leader mast be added to tbe product of 1.111x4, 
which is 4.4. Tbe base of tlic leader begins 2 feet above the last meas- 
urement with the calipers; the diameter meaaiired liere is 3 inches and 
the corresponding basal area equals 0.0t9 square I'eet; one third the 
product of 0.049 by 12 (length of leader) is 0.02, which, added to 4.4, 
makes 4.6, the total volume of the tree, the same as obtained irom 
previous calculations, 

(2) When less (lecuracif is required and the volume of the stump is 
excluded. — The tree is calipeied at the butt and in a few other places 
where it is most convenient; each log length, tor inwiance. The vol- 
ume of each portion between two measurements with the calipers equals 
one-half the product of its length multiplied by the sain of the areas 
«oirMpoiidliig to the diametors thus measoiM. The total volame of 
the tm la determined by summing ap the volomes of all the parte thus 
oepairataly ealealated, inclading also the leader. The last measurement 
of the tree with the calipers is taken as tbe base of the leader, the 
volume of whieh is calculated in the same way as given aboye* 

Example: Let us determine the volume of the tree taken above by 
calipering it at the butty at 12 and at 20 feet from the bntfe : 

TlM«T«nge diimeter at the butt equals 7.6 incheB; tb« oorreeponding area, 0.315 
sqaarefoot. 

The average diameter 13 feet froD the butt eqnalB 5.1 inoliee; the eoKieiponding 
•rea. 0.142 square foot 

The average diatueler 20 fe«t from tliQ butt oquals 4.3 incbea; the corresponduig 
avesy 0.101 ■qnaae foot. 

The sum of the areas of bntt and toy> of tirst length is 0.4r)7; the 
length of first log is 12 feet; the volume then equals one ludf of 12 
multipl»e«l by 0.457, or 2.74 cubic feet. The distance between the sec- 
ond and third meaaarements with the calipers is 20 feet minus 12 feet, 
equals 8 feet, and the volume of this i)ortioii of tree equals one-half of 
8 multiplied by 0.243 equals 0.97 (^nbic feet. The volume of the leader 
equals one-third ot 18 multiplied by 0.101 equals 0.61 cubic feet. The 
total volume of tree (stomp excluded) is determined by taking the 
sam of 2.74, 0.97, and OM^ wbiob eqaala 4.3 eabie ibet 
5107— No. 20 2 
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MBASUBSMBNT OF A 8TAKD OF TRBB8 OR aROWUVO STOCK 

OF A FORfiST.* 

Od first thought it appears to be » yeiy mmple problem to measore 
the oontents of a stand of treea or a ibrest, sinoe a fbrest is an aggre^ 
gate of single trees whose volume we already know how to determine. 
It appears as though we Hhoald need only to measure each tree and add 

the results* Bat this would be an escpensive operation, and since 
absolute accuracy Is neither necessary nor attainable, a method of 
averaging' is employed in wliich the trees composing the forest are 
grouped into classes and only nample trees of ea<'h class are meaanred. 
The measurements are extendetl eiiber over the whole forest or over 
only small typical areasi usually called ^'sample areas." 

DKTBBIUNATION OF TTTE QROWlNff STOCK BY EXTENDIWO THE 
MSASUB£M£NT8 OVEK TBE WHOLE FOBSST. 

When the forest is not large its growing stodL Is nsnally determined 
by extending the measnrenents oyer the whole forest, i.e., the diameters^ 
breast-high, of all l^e trees eonatitnting the forest are measured with 
calipers. Of eonrse the diameter measurements of diflbrent speoies are 
kept separate. If there exists an interdependence betwcMsn the height 
and diameter growth, i. e., if the species grows at a uniform rate and 
trees of larger or smaller diameters are correspondingly taller or 
shorter in height, there is no necessity of measuring the heights; the 
average hei^^ht is then determitiefl by a sample tree, the selection of 
which will be discussed later. I tut if the height is not proportional to 
the diameter, i. e., if t i * ea of the same speeit and ec^ual diameters 
differ considerably in iicight, then classification by height becomes also 
necessary, and the scoring of trees is done not only by diameter bat 
also by height classes. Differences in height development tisually 
occur when the same species ai'e found in the same forest under difler- 
eut soil conditions. A shallow compa^ t clay soil for instance would pro- 
duce relatively different proportions from a deep, loose, loamy sand. 

"In tlii'^ f'onntry it has so fiir ^n n ciistoinarv nvAy to pstimrito tho growing stock. 
'I'lit* result nect'SHarily i** nioHtly lar from tlie truth ev<>n witli the most expert esti- 
uiutur, and m the e«tiuiator in usually employed by u purchaser, the estimate oaually 
eoisM out from 10 to 80 por oent and move helow the Mstnal volnme. 

Thero are various ways ia which Mtlmaton proceo<l. One of the most frequently 
used iH to estAhlish by eiflioniieaHnrcmont or estimate for the distrii r to be estimated, 
the average number ot° Kupcrticial feet per tree, then the trees are couute<1 ;iiul their 
number multiplied by the figure obtained for the average tree, making allowauco 
at the Mune time for breakage, defeote, ete. 

This method is ospecially in use where on«> species uniformly developed it tO be 
r^tinuited. Mor< <!(>! ailed <'stim«tce are made when several epeoiee of eoonomio value 
are to be taken into account. 
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When the formalioa of lieight chMses is DOt neoessaiy, the foUowiog 
method of aooring may bereoommended: 
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When the formation of height olasaes ia neeeaflary, the form Ko. 1 
may be modified as follows: 

Form No. 2.— Diameter itumnntium^. 
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Form No. 2 would applicable should the oak, the hard maple, and 
the hickory of our harfl wood grove differ in height so as to uece88itate ^ 
the tdrination two height classes for each of these species. Each 
height class tiieii will have to be treated like a separate species. Of 
course only the species of economic value are measured. In the example 
represented by Form No. 1. five species were supposed to form the 
stand. In mc;i8uriug, fractious of less than one half of an inch are 
disregarded while those over half au inch are counted as full inches. 
Eaeh tree ealipered is scored in the appropriate speetos cc^mn on its 
proper diameter line by a mark, each fifth seore orossing the four pre* 
ceding, so that groups of five scores are made ihr more convenient 
addition. The nieasnring can be done more expeditiously if two or mare 
persons divide the labor of scoring, catipertng, and marking the ealip- 
ered trees so as to avoid repetition in measnringi one scorer following 
two measnrers who ci^I ont species and meaeared diameter, and mark 
the measured treee, or else one or two assistants blaze the trees to keep 
the work in line, preventing repetition as well as omission of trees. 

When all the trees have been scored, the volnmeof each sf>ecie8 may 
be determined either (1) by felling and measuring in detail u sample 
tree representing the average of nil the trees of the 8j)ecie8, or (2) by 
felling and mejisuring a number of sample trees, each representing the 
average of a diameter class, or (3) for the greatest accuracy, by felling 
and measuring a jiroportionate nnniber of sample tn'es lor each diame- 
ter, the proportion felled being a ii2:ed percentage of the number of 
trees of each diameter. 

DBTBBMINATION OP YOLVKE BT MBANB OF AK AVBBAOB SAXPLB 

TBBB, I 

This method requires for each species (a) a calculation to determine 
the diameter of the average sample tree; (b) the selection of the sample 
tree in the forest and its measnrement; and, finally {c) the calcolatioii 
of the total volume of the species. 
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CMhOOtATWK FOB AVaSAOa 9MMPtM TMB. 

To find tbe diaiiieter of the average sample tree it is first necessary 
to fiud the basal area of its cross section, brea^t-higb. To do this, 
the basal areas of the cross Hcctiony, breast high, of all the culipered 
trees mu^t tirst be louud. This is done by finding in tlie area table 
(p. 37) the areas corresponding to each diameter represented in the 
caliporad traea, multiplying these figureB by the niimber of troeB of 
that diameter and adding the reaalto.* The addition represents the 
total basal area of the cross seetioDS of all the trees. If, now, we 
divide this by the total number of trees of the speeiee, we get the 
basal area of the average sample tree, and from the area table obtain 
the diameter eoiresponding to that basal area. 

Applying this method, fbr instance, to determine the diameter of the 
average sample tree for the oak, in oar area table oni page 37, we And 
that the basal area of— 

Square feet. 



2^ oaks ui 6 luclies m diameter eqnaU 8.03 

7B oa]» of 9 InehM in dlinuter «qMlB 88.68 

87 oaks of 10 incbee in diaoMter eqnala...... 47.45 

172 oaks of 11 tnflt^s ill diameter eqnals 113.52 

43 oaks of 12 inches in diameter equals 33.77 

97 oaks of 13 inches in diameter equals 89. 41 

115 ocks oi U inches In dlftOMter equala 132.04 

84 oaks of ir> inches in dinnMter eqnnlt 108. 08 

164 Oi<tV«i of IR inch<»H in i!iampt*T orinals .... ........ ...... ................ 2?S. 99 

181 oakM ot 17 inches iu diameter et^uals 285. 31 

46 o«k» of 18 inchM in diameter equals 81. 29 

87 onks of 19 inchM in dlMneter equals 131.82 

88 oaks of 20 inches in diameter equals 191. 99 

118 oaks of 21 inches in diameter eqnals..... 283.83 

78 oaks of 22 inches in diameter equal* 206. 91 

SI onka of 83 iaebM in diametMr oqnala 02.33 

4 oaks of M InoliM In diamotor eqaal* 901. 08 

85 oaki of 95 laebee in dianotor eqnaUi 988.75 



2,534. 16 

The total basal area of the 1,620 oaks equals 2,534.16 square feet 
Dividing this area by the number of trees we find that 1.56 square feet 
is the basal area of the average sample tree which corresponds to a 
diameter of 16.9 inches. 

8XLK(:TI0N and MBASURBMBKT ok sample TRER8. 

When the diameter of the sample tree has been determined, a thrifty 
txee of the species with such a diameter should be selected in tbe forest* 
Care should be taken that the sample tree is not situated in an opening 
nor on a road nor in a crowded jjrowth; also that it have an avet ) ir*» 
well develoixid crown, and that it be sound, stmight, and Iree from 
wiud shakes. The sample tree so selected is felled, measured, and its 

*Tb» piodQOt BU^ be obtained dixeetly from the tables of Tolame, as explaiaed* 
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▼olnme detttminod in the way explained on page 16, where th« meaflOT- 
ing of a fUIed tree is diaeoased. 

CAL0tlL4TIOM OF THS TOTAL TOLUMB OV THa ITAND. 

The volnme of ttie aample tree thne obtained x«iNrefleDt8 in the avecago 
all the tieea of the Bpedee. The total volome, then, of the epeeiea may 
be determined by anlttplying the volume of the sample tree by the 
number of treee of the species contained in the forest When a spe- 
cies is leptesented by a large number of trees it is always advisable to 
select more than one sample tree and determine separately for each its 
volume in cubic and superficial feet. There will be noticed a difference 
between the volumes of the sample trees notwithstaoding their diam- 
eters and heighta are the same; this is dae to the difference in the 
tapering of the sample trees or, in other words, to the difference of the 
factor of shape, which though small is invariably noticed even among 
trees of the saine diniensioim. The average voiump of the sample trees, 
whether in cubic or superficial feet, is then multiplied by the number of 
trees of the species in the forest, in order to obtain the total volume of 
the species. For the oak measured and recorded in the above example 
five samjde trees of 16.9 in( hes in diameter at breast height and of the 
same height were selected in the grove. All of them were felletl and 
sawed into logs. The following are their actual volumes given in cubic 
and superficial feet: 



Buuple tree. 


Cubic 


B.M. 




46.2 IM 




48.3 
44. B 
47.6 


204 

m 
m 











These Ave sample tiees give in the average 45 J cubic fbet and 17G 
liMt B. M. Multiplying these two averages by 1,620 (number of oaks) 
the volume of the oak equals: (1) 45.8 x 1,620 =74,196 cubic ftet; 
(2) 176x1,620 = 285,120 B. M. The same operations and calcnlationa 
are made for each species of the stand. 
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The fonowlng fatm (No. 9) shows how the meaenremeDts aie Anally 
eoDeted fbr eompaliiig the growing stock of the gioye: 



Fowl Mo. 3. — JSkowimg Ike ooMfwItaf o/ gnrntng itodt df m w w n ^mtntf mmgU trm* 
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Total eanUata. N^tM «a1ile IMj 888.888 B. H. 



Haviog recorded in columns 1 to 9 the measnrements and calcula- 
tions of all the trees and of the re^^poctive sami)k' trees for each species, 
tlie volumes in columns If) and 1 1 are foisnd by nmltiplying the volnine 
of the sample tree by the ii umber of trees of ea( li sj)* cie.s, and to obtain 
the volume of the growing; stock of the whole grove the last two col- 
nmus are added up, whic!} addition shows the grove to contain 04/>04 
cubic feet of wood, from \n hn li .H(U,.i2G feet B. M. might be obtained, 
the balance to be turned into slabt^, sawdust, firewood, etc 
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DBTBRimflNG YOIAJUE BY 8AMPLB TBBB8 OF DIAMBTSB CLASSES. 

Mofe aoomate xesalto in asoertaiiiiiig the growing stock of a forest 
may be obtained by arranging tlie trees of eacb specieB in diameter 
elaases and then finding and measoring a sample tree of eadh class. 
The oalcnlation to determine the basal area and^ henoe^ the dlaii^ter of 
the sample tree of a diameter class, the selection of tbe sample tree in 
the forest and its measaring and the caloalation of the volume of tite 
diameter class are performed in the same way as desoribed abovt*. 
Each diameter class is to comprise trees differing not more than 4 
inches in diameter at breast height. The oak of our hard- wood grove, 
then, would be divuled into five diameter classes. The first diameter 
claas would contain trees from 8 to 11 inches in diameter, inclusive; the 
second, trees from 12 to I.j inches, iiieluBive; the third, trees from 16 to 
19 incbe.s, inclusive; the fourth, trees from 20 to 23 inches, inclusive; 
and the filth, treen from 24 t-o 35 inches, inclusive. 

The hrst diameter class would then contain : 





No. of 
tC«M. 


Ba«al •re*. 
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76 

87 

172 


88. &8 
47.45 

113. 32 










ass 







The basal area of this diameter class, 202.58 square feet divided by 358^ 

the number of trees it contaiuB^ gives the basal area of its sample tree as 
0.56 square foot, which corresponds to a diameter of 10.1 inches. Two 

sample trees of 10.1 inches selected accordingly in the forest among the 
oaks had in the average a volume of 16.8 cubic feet and scaled 60 feet 
B. M. Multiplying 1G.8 and <U) each by 358 (number of trees in the 
class), we obtain (),014.4 cubic feet and 21,480 feet B. M., which is the 
volume of the lirat diameter ( lass in cubic and snperflcial feet respec- 
tively. The same process is repeated for the other diameter classes 
and spei'ies, selecting and measuring a smaller or larger number of 
8ami)le trees as the diameter class contains a hmaller or larger totid 
number of trees. The liiial aildition gives tlie volume of the stand. The 
accompanying table (Form No. 4) illustrates in detail the manner of 
recording and computing the growing stock of oar hard* wood grove by 
amngiug each species in diameter classes. 
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The black walnat in the blauk is divided intx) two diameter classes to 
maintain the aniibrmily of the diameter classification adopted for our 
hard- wood grove; otherwise all the trees of the black walnat eould 
have been inclnded in one diameter class. 

DBTSBMIHINO YULUME BY FELLING AND MBA^UBINO A PBOPOB* 
TIOHAL mnCBSB OP 8AMPLB TBEB8 FOR BAOH DIAMETBB. 

Still "greater acfiiracy of le.'^iilt can be obtained if iiistonfl of choos- 
intr bajiliazard a number of sample trees of each dianicter clans, a 
detniitc i>roiK)rtion of the trees of each cla.ss or of each diameter is 
nseci lor the computation. For instance, we may decide to measure 1 
per ecu t of the trees of eacii diameter. All sizes o( tiuiber are then 
represented by sample trees in the proportion in which they occur in 
the forest : we have in the sample trees, then, aa exact counterpart of 
the entire growth reduced in proportion. The relation between the 
volnmes ot the whole forest and the proportionately reduced forest of 
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aample tms is mieOj ilie aame as that whtoli eiMa belrween IMr 

corraBponding basal areas; hence, dividing the tMWal area of the whole 
ftirest by the basal area of all the sample tress, aiid multiplying the 
quotient thus obtained by the volume of all the sample troea^tiie grow- 
ing stock of the forest is determined. This method requires neither 

calculations to determine the dimensions of the sample treen nor the 
separate measTirin^' of each t<r dct^^nniTio the volume. All the s;amj)le 
trees of the corresponding diameters are directly selected in tlie forest, 
felled and sawed into log's of desired length, which logs are i)iled 
toprether and the volume ot tlie |)ile determined as a whole in coi^s or 
in cubic feet. Or els© the number of snperficial lect of all the sample 
trees ean he acc urately and directly obtained by sawing the logs into 
boards and other kinds of lumber. 

The choice of the per cent or the proportion of trees to be taken as 
sample trees is iufiaeuoed by the accuracy to be attained and the sise 
of Ihe area to be measored. If a tolerably latlsfiietory repreaentafeion 
is to be had, not less than 10 to 15 trees, or at lesst 1 per cent, should 
bensed. 

Suppose that in order to determine the Tdtune of the 1,020 oaks of 
onr kard-wood grove, recorded In Form XTo, 1 (p, 19), it was dedded to 
take 1 per cent, or in all 17 sample trees. If the flnsetion is less than 
one-half it is disregarded; if more than one-half it is considered as one. 
Then the nnmber of sample trees for the oak wonld be determined as 
follows: 

23 trees of S inches diameter require. ..... ...... — noMUple tree. 

76 trees of 9 inches diaiueter require one sample tree. 

87 trees of 10 inches diameter require iVn — one sample tree. 

172 traM of 11 inebea diameter require. \l 3~two nmple tnm, 

43 trees of 12 inches diameter teqoire no eample tree. 

97 trees of 13 incliew rliametor reqniro. ^i/n— ^'ne Bample tre«'. 

115 treeg ol" 14 inches diatm-ter require — oni" «?;)mp]r irw. 

84 trees of 15 inches diameter require — une sample tree. 

164 trees of 16 inches diameter reqaire if ^two eemple treee. 

181 trees of 17 inc hes diameter require ■j-^lh-two eemple treee. 

4fi trees nf 18 luches <i i n nifter require. — no sample tree. 

67 trees of 19 inches diameter require -,Hi')j— one sample tree. 

88 trees of 20 inches diameter require iVo — one sample tree. 

118 treee of 21 inchee diameter require Hfl— one eample tree. 

7X trees of 22 inches diameter feqttire i^liAi— one eample tree. 

32 trees of TA inclien diameter refjnire. ............... ...... — no ^aInph' tree. 

64 trees of 24 incheH diameter require iVo — one sample tree. 

85 trees of 25 inches diameter reqaire one lample tree. 

The 17 sample trees of the corresponding diameters arc tben selected 
in the forest* felled^ and sawed up into logs, which are piled together 
with the tops of all the sample trees. Let the pile be eqnal to 6| oords, 
or 882 cnbie feet. Let ns supi)08e that the 6^ cords were sawed into 
lamber and fhmished 3,300 feet B. M. Prom the measurements with 
the caltpefs, recorded in Form No. 1, we Icnow the basal area of the oak 
to be eqnal to 2,634^16 square feet; the basal area of 17 sample trees we 
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flnd in the aM table to be equal ta 27.33 aqnaie llMi. IMrUHng 2,53416 
1^ 27^ we obtain a qnotieDt eqnal to dSJ* MnltiplyiDg 98»1 b^ 888, 
fhe Tolnnie of the Bample trees in eabie feet» we determine the Tolttme 
of the oak to be 77.469 enbie Itet; or« mnltiplytng tiie qnotient»93.1y bj 
SfSfiO, the nomber of eaperflcial feet Itamished by the sample trees alter 
they passed thiongh the mill, we obtain 312,816 ftet B. M., whioh is the 
total amount of merehantable lomber contained in the oak of oar hard- 
wood grove. 

The yolame of the other species may be determined in the same man- 
ner, and then the growing stock of the grove i« obtained by adding 
together the yolnr^o of the trees of all its speoies. 

DETB&MUfATION OF THR GBO\MNCt STOCK BY BtEAMS OP SAMPLE 

It is always possible to find in a forest a small area the contents of 
which represent an average proportion of either the whole forest or of 
at least a considerable portion of it. The volume of this small area may 

be easily and rapidly determined by one of the methods above described. 
8ncb an area maybe called a sample area, and the contents found on it 
per acre niiiy be called an acre yield. If the small area represents an 
avera^re condition of the wliole forest, then, in order to obtain the grow- 
ing stock of the whole forest, the acre yield of tlic sam{)le area need 
only be multiplied by the number of acres in the forest; when the sam- 
ple area represents only the conditions of a portion of the forest, then 
the acre yield multiplied by the number of acres involved in that por- 
tion gives only the growing stock of that portion, and for other portions 
of different conditions corresponding acre yields must be found. 

Example: Let a ibrest eontaining 100 aeres have three dhitinot forest 
eonditioDS represented, each by 40, 35, or 25 acres, respectlTely. Let 
the 40 acres be represented by a sample area of one-half an acre; the 
36 aeres by a sample area of 1) aeres, and the 25 acres by a sample 
area of one-fonrth an aere. Let the volames of the sample areas 
determined by one of the methods given above be — 

(1) The Yoliime of the one-helf eeie eqaals 8,000 enbie Ibet and 19,000 B. M. 

(2) The volume of the H "^^^ eqnelB 12,000 onbic feet and 48,000 B. M. 

(8) Hie ▼elnme of the ome-lbiirth aece eqiude 2,600 oubio ftet end 10,000 B. M. 

The acre yields of the corresponding portion of the forest egnal then— 

(1) 3,000 euble fiset and 12,000 ftet B. M. miatiplied eeoh by 2 eqnele 6,000 enbie 
feet and 24.000 feet B. M. 

(2) 12,000 cnbic fv^vt and 48,000 feet B. M. divided eeeb by U eqaale 8,000 enbie 
feet and 32,000 feet B. M. 

(3) 2,500 cubic feet and 10,000 feet U. M. miUtiplied each by 4 equaU 10,000 cubic 
ftet aad 40^000 feet B. H. 

The volume of au acre of the forest condition represented by the 40 
acres equals 0,000 cnbic feet and 24,000 feet B. M.; multiplied each by 
40 eqoals 240,000 cable feet and 960,000 feet B. BL 
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The Tolmne of m am of the fanst condition lei^tesented hy tlie 35 
acres eqiuda 8^000 cabic feet and 32,000 feet B. M. ; multiplied each 
by 35 equals 280,000 cubic feet and 1 ,120,000 feet B. M. 

The volume of an acre of the forest condition represented by 25 acres 
equals 10,000 cabic feet and 40,(K)0 feet B. M.; mnltiplying each by 
26 gives 250,000 ctibic feet and 1,000,000 feet B. M. Adding together 
the volume of these three portions of the forest, we fnifl the ^ijrowing 
stock of the forest equals 770,000 cnbio feet t 3,0S(>,000 feet B.M. 

In selecting the sample an ii care shoukl lie taken that^ — 

(1) The species found iu the forest be proportionally represented ou 
the sample area. 

(2) The density of crown eover of the sample area and the percent- 
age of openings be the same as in the forest. 

(3) All the .sizes of timber and the corresponding number of trees of 
each size be found on the sample area in the same proportion as found 
among the trees in the whole forest or the portion to which the 
sample area refers. Tbe selection of the sample area is a delicate 
operation and therefore requires considerable skill on the part of the 
estimator. The selected sample area should be staked olF in the Ihnn 
of a square, which may contain from one-fonrth to 2 acres. 

HOW TO dbtbrmucb thb ratb of orowth. 

As the knowledge of the contents of a forest growth is necessary in 
order to determine ito present Talnd for purposes of sale or purchase^ 
•o the knowledge of tiie rate al which Its contento are changing, 
increasing or deoreasiQg is of the highest importance in determining 
the profttableness of wood growth. The questions whether the annual 
or periodic increase is sufficient to. pay interest on the investment, and 
whether it is proper to cat and ntilize the wood crop or to allow it to 
grow and accnmnlato longer, are answered by measnring ito rate of 
growth. 

Just as the cont^^nts of a forest or a< re or stand is ascertained by 
means of mensnrine: (»iie or more sample trees, fhe rate of ijrowth of 
the stand, lujre, or forest lor any period may be ascertained from these 
sample trees. This calculation may concern it sell cither with the rate 
at which the heif^ht accretion takes pI m c, or the diaineter accretion, or 
the volnme or mass accretion. It mav also be ma<ie with reference to 
a loui^cr or shorter period. If the period is taken as one year we may 
call it annual or yearly aceretion; if for a number of years, for instance 
a decade, we may call it periodic accretion. Again, the annual accre- 
tion may be that of the one year for which we measure, the currMit 
annual accretion; or else it may be the average of a number of years, 
the average aunual accretion, which is fonnd by dividing the height, 
diameter, or volume by the number of years it has token to grow. For 
instance, a tree 120 years old, containing 87 cubic feet, would show an 
average annual accretion of -1^=0.72 cubic feet, while its current 
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annual accretion for the one handled and twentieth year may be XJt 
cnbic feet; and if we had aaoertained the volnme which it formed in 
the last ten years, as 16 enbio feet, this would be. the periodic aooretion 
for that decade. 

The measurementa by which the accretion, annual or periodic, w 
ascertained, rely upou the fact that, in all temperate zones at least, 
trees form annnaliy one layer of wood, which appears on a cross section 
of a tree as a riDg, more or less clearly defined, aud on its lougituiliiial 
section made through the pith as a section of an enveloping cone (fig. 10). 
Hence hy countiiifr and measuring the rings appearing on cross sections 
taken at varions heights frouj the ground, or by couriting and nioRsiir- 
the enveloping cones appearinnr on the corresponding lonsritudinal 
sections made through the pith, not only the a^e, the progiess in 
diameter, and area increase of the Reetions, but its height aud volume 
development can be easily aud accurately ascertained. Let us, for 
example, analyze the tree represented in tig. 10: A represents the 
longitudinal section of the tree made through its pith; B represents 
the tree in cross sections, made (1) at the surface of the ground; (2) at 
13 feetf (3) at 25 feet; (4) at 37 feet, aud (5) at 49 feet from the ground; 
the total height of the tree is 54 feet. Baeh ring of a cross section 
corresponds to an enveloping cone, and the number of concentric rings 
counted on a cross section, as* seen from fig. 10, corresponds with the 
number of enveloping cones counted above each section. 

Just as the width of the concentric rings on both sides of the center 
on a cross section determines the annual increase of the diameter, so 
the distance between the apexes of two enveloping cones determines 
the annual inerease of the height. It is clear that the difference 
between the number of rings counted at the bottom and top sections of 
a log gives the number of years which it has taken to produce the 
length of the log. Or, if we take the lowest section of the tree, cnt so 
that all the years ot its growth :ire contained in the section (as in tig. 
KTi, and deduct liora the number of rings t'ouTid ou this section the 
number ot rings lound on any higher section, the ditl'erence then equals 
the number of years during which tlie ti t c hjid frrnwii to attain the 
height of the liigher sei-tion. Or, again, ti)e nuiiil>er ol rings counted 
on a cross section gives also the period of timr during which the por- 
tion of the tree situated above has devcioi)ed its height. Thus we tind 
that during the period of forty-four years, the age of the tree, the trunk 
has reached 54 feet in height. The average annual growth in height is 
therefore equal to 54 feet divided by 44, equals 14.7 inches. 

From the second cross section we find that the tree had grown 40 feet 
In the last thirty-one years (number of rings on that section), which 
means 15.8 inches annually dnring that period; or subtracting from the 
total age of the tree (44) the age of the second cross section (31) we 
And that the tree dnring the first thirteen years of its life has reached 
the height of the second section, i. e. 13 feet^ which means that the tree 
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VM. 10.— Showing the progrcaalTadevflioinneiit of % tree. A. LongitudiM) section tnade thnragh the 
pith and iihowine the •cctionii of the«oT«lopiBgiMMMt, B, CwM ■actio— abowiBK ntmbwr of ilac* 
•t varioua heights from the grooiid. 
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during this period grew aoniMUy 1 foot in height. ^ atmilar reaaoii- 
ing we find fi*om the third croflB section that the tree had grown 29 feet 
for the last twentgr-fbnr years, or 14.5 inohes annaally, and 25 feet for 
the first twenty yeiirs, or 15 inches annually; from the fourth cross 
section that the tree had grown 17 feet for the last fifteen years, or 13.6 
inches annually, and 37 feet for the first twenty-nine years, or 15.2 inches 
annually; from the fifth cross section that the tree had grown 5 feet for 
the livst six years, or 10 inches annually, and 49 feet for the first thirty* 
eight years, or 15.0 iiu 1n s annually. 

The rate at w li the diameter and the area of any cross section of 
the tree increases can be easily ascertained by measuring the width of 
the rings on the various cross sections and liuding in the table (p. 37; 
their corresponding areas. Thus we find, for instance, that on the 
second cross section — 

The timt 10 ringN measurt- li.U iut hea. 
The firat 20 rings measure 6.2 inches. 
ni« first 30 rings msnsnrs 7.9 inehss. 

The corresponding areas found in the table are, respectively, 0.8, 0.21, 
and 0.33 square feet. Sabtracting either the diameters from each other 
or the oorrssponding areas, we can asoertaia aecorately the growth iii 
diameter or area for the respeodve periods of time. 

The rate at which the Tolame of the tree increases may be easily 
determioed for any period of time by ealcalatiog the volume of as 
many envelopttig cones as there are years in the period. Varioos 
methods may be employed to ascertain, for instance, the volume of the 
hist period of years. The simplest one is : ( 1 ) To determine the volume 
of the upper portion of the tree, which has for its base a cross section 
containing as many rings as there are years in the period by consider- 
ing that portion as a paraboloid ; (2) determine the volume of each of 
the logs into which the lower portion of the tree is sawed, witli and 
without the width of titc hist runnber of rings (number of years in the 
j)eriod), asexplanuMl on ]);t^^e KJ, and deduct the sum of the last from 
the first volume; (3) adding to the difference thus obtaineil the 
vol II me of the upper portion, the growth for the desired period of time 
is ascertained. For the tree represented in fig. 10, the mass accretion 
for the last 0, 15, 24, and 31 years could l>e conveniently ascertuincd, 
and thus the current annual accretion lur those respective periods accu- 
rately calculated. Generally trees are not analyzed with such com- 
pleteness, and simple methods have been devised for determining the 
accretion of a single tree or a forest 

DXTEBMinnf 0- THE AOOBXTION OP A STAflDUlO TBX8* 

In determining the average annual accretion the age and volume of 
Hie tree must be first ascertained. The age of a standing tree esn be 
obtained only by observation, which is based on aetual counting of the 
rings on stamps of foiled trees of the same sise, same species, and 
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grown on the same sites ^ the same locality and under the 

same conditions. 

In determininp: the current accretion it is better to establish the 
increase of vobnne for the last five or ten yenrs and assume that the 
current accretions were the same aniiuall.\ dining that period; it is 
safer to make this assumption than to deal with a sin^lB year's inereaBe, 
which is an unstable quantity changing with the season. 

The current ac» retion of a standing tree may be conveniently 
expressed in i>er cent of volume of the tree. If the increase of actaal 
volume is to be expressed, then it ought to be calculated with simple 
interest; but if the mass of a tree is looked upon as a capital, then it is 
proper to consider the accretions as returns on the capital represented 
by the atnoant of wood and to caleulate it with compound interest in 
order toestabUsh tlie expediency and profitablencts of the investamt. 

ICA8B AOCmmON WITH SUfPLB lUTBUaT. 

If the present volume of a standing tree is 115 cubic feet, and that 
of the same tree five years ago 109 cubic feet, then 115 — 109 = 6 gives 
the increase of ▼olnme for the laat five years; the accretion ibr one 
year is 1*2 eobicfeet. Dividing 1.2 by 109 and mnlti plying the 
quotient by 100 we find the carrent annnal aecretion equals 1 per oent 
expressed in per cent of volnme. Bat while the present volume of the 
ttee can be easily determined by employing one of the described meth* 
ods, the volume which the standing tree had five years ago is difficult to 
establish. It is neoessaiy) therefore^ in order to determine the current 
accretion of standing trees to devise a method whicli should not require 
the determination of the present and past volumes of the tree. Suppose 
a standing tree, the accretion of which we are to determine, has a basal 
area at breast height, which we will designate for convenience sake by 
a letter A; let the basal area which the tree had five years ago be ff, 
then the present and past volumes of the tree may be represented by 
the following products*": 

(1) Present volume: Base A multiplied by one-half of the height of 
the tree. 

(2) Volume five years ago : Base a multiplied by onO'half of the height 
which the tree had five years ago. 

Sup|)ose also that the tree is considered after it has reached iti^ full- 
height growth (a number of species reach it before 100 years of age), 
then the height accretion for five years is comparatively small. DiS' 
regarding this small difference, the proi>ortion between the piesent and 
past volumes of the standing tree equals the proportion which exists 
between their basal areas A and a; in other words^ the per cent of vol- 
ume accretion is the same as that of the area accretion. The per cent 
of the area accretion may be easily determined when the diameter which 
the tree had Ave years ago is established. This can be ascertained by 
cutting out a chip or else by using an instrument— Fresslei^s inciemeat 
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borer,* by means of which a cylinder of wood can be extracted f^om 
the stem and the width of the rings measared. Taking twice the 
width of the last five rings and snbtracting it from tli(> present diam- 
eti'r f:it bre;i;^t i;:ht ^ the diameter the tree had five years ago is 
nearly enough det< mnijed. 

Example: Let the ])resent diameter of a standing tree be 2'^?^ nirliesat 
breast height; let the width of tbe first five rings from the periphery, 
ineasnred on the cylinder extracted by the Pressler borer, or on the (^hip 
of wood cutout, be two eighths of an inch. Multiplyingthe two eighths 
by li gives one half inch as the diameter increment for the last live 
years, and subtracting the half inch from 22^, we find that the diameter 
the tree had five years ago equals 22 inches. In the tables for areas 
(page 37 ) we find that the area coneq^nding to 22^ is 3.76 eqoare Ibet; 
that eorresponding to 22 inehes, 2.64; tbe difference (2.76— 2.64b0.12) 

* !>r. s if T s ripparatus (flg. 11) consiBta of a hollow borer, sliffhtly tftp*«rin^ from 
tbe haudle toward tbe point, inserted into a handle; a tiat-toothed wedge, which for 
oenTmdflnae of nMMiiMiiieiit ia gradtiAted into oeiitiaetMi; and ■ endle, beiug of 
• •mall MOileyUudrlml piece of tin, vied to hold the oblp when meaanrhig in order 
to avoid its break- 
ing; the hiirnlle alno 
ie hollow, AO as to 
veif^VB fhe borer, 
wedge, and oradie 
when tbe instrnment 
is not in use. The 
borer in screwed in 
o ndial dIrootiOB 
into the tree, at right 
anirlpf to it« axis, to 
the desired depth, 
whereby a cylin- 
driool oolmnn or diip 
of wood enters the 
hollow K<»rer: thon 
the wedge is inserted 
tbrongh Uio ImIIow 
botweeo the 




IteiiaeM. 




ohip and the inner 
wall of the fuirtT, 
with its Utulhful side 

towetd the wood and 

firmly pressed Ja. 
Tbe borer i« now 
screwed backward 
one or two tams, 

wlMceby the oUp leee«Med«llt»baeeftom thettee; a £»w more ferwaid inniBof 
the horar caaae the chip to be pushed back until it can easily be withdrawn by the 

tUf> of thp wedge aud pliicpfl into the cradle. In this way a chip of wood in obtained 
from 2 to 5 inches long, according to tbe length of the borer. The width of tbe con- 
eentrie rings is then ■Maeorad. If the xingi an not disttoet, a amooth euifiMe inaj 
be pMpaied with a aharp IcniA. 
5107— Ho. 
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divided by o gives 0.024 as the current area accretion ibr one year; di- 
viding this one-year growth by 2.64 and multiplying the result by 100, 
wo flud that 0 is the per cent of area, and thus of vohime accretiou of 
that particular tree of 22^ inches iu diameter at breast height. The 
X>er cent of volume accretion, as has been seen, may be expressed by a 
fraction, the oanierator of which U the volome increase fbr one year, 
and the denominator is the yolame of the tree previoas to that year. 

The diiferenee between the saccessive corrent accretions, though 
increasing with age, are small in proportion to the increase of the 
respective yolames, which are always enlarged by one year's growth. 
In other words, the fraction or the per cent of secretion it represents 
decreases steadily with age. 

Pressler gives a simple formula (^) which expresses the per cent of 
accretion of the tree when it has rcivched its maximum stage of growth. 
''A" is the age of the tree when it reaches the stage of maximum 
growth, i. e., when the current accretion becomes equal to the average 
annual accretion. If the per cent of accn'tinn of th<» trpr obtained 
from calculations is larger than '-{'-, it shows that tlie aveni^e :mnaal 
accretion still inc (nises; when it is less thau the average annual 
accretiou is on the decrease. 

MASS AOORVnOK WITH OOMPOrWD INTRKSST. 

In determining the mass accretion with roinjKMind interest the gen- 
eral formula of compound interest could be applie(l. To avoid calcula- 
tions by logarithms Pressler gives a formula of his own, and a table of 
figures based on it, the i)racticftl application of wliich is very simple: 
Measure the diameter of the stiuuling tre*^ at breast heiglitj extract by 
Presslei 8 borer a cylinder of wood and measure off the width ci the last 
It years {n designates the number of years in the period for which the 
oalcolatioii is to be made, generally five or ten years) j then divide the 
diameter by double the width of the last n rings, and the so-called lela- 
tive diameter is established. Finding then the relative diameter, thns 
obtained, in the column of the rehitive diameters (Pressler's table, p. 40); 
the corresponding number, given in the same line with the relative 
diameter, should be divided by n, and the quotient will be the per cent 
of accretion with compound interest. 

Example: Let us take the same tree for which the per cent of accre- 
tion was determined with simple interest ; its present diameter at breast 
height is 22i inches: the width for the last five years is two-eighths of 
an inch. Dividing 22^ by double the width of the last 5 rings, we find 
the relative diameter equals l"*: (22^-;- 4 =45). In PresFlor's t ible we 
flud that 0.7 corresimnds to the relative diameter of !"» win n the tree is 
of a very thrilty growth. Dividing 0.7 by 5 we lind the current annual 
growth e(juals 1. ? per cent with compound interest. 

In Pressler's table on I' lgc 40. for each relative diameter two flgores 
are given— one for an average thritty growing tree, the other for a very 
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thrifty growing tree. The preneral appearance aod the crown develop- 
ment of the tree will indicate which one of the ttgnres shoald be taken 
ibr caicuiations. 

DBTBBM 111 UfCI- THB ACN3BBTION OV A TXLL'BD TBISB. 

The average aiiiinal accretion of a felled tree maybe determmtul with 
greater accuracy, because the volume arid the age ot the tree eau be 
obtained with inore exactness. The age of the tree is established by 
counting the rings on the stninp section and adding to the number 
counted five or six years, which were required by the tree to reach the 
height of the stump. 

The current accretion for any given number of years of a felled tree 
may be determined as follows: 

i^jg ^ 



\* Vfe i 



i 




r». U— DetennlaiDC tlM 



of A lUfaMt tiw. 



Find the volame of the felled tree by multiplying its height (H) by 
fhe iMMal area which oorre8|kondB to the diameter meaanzed at the mid- 
dle of the tree (D), bark ezeladed; tiien, by some trial, find a place 
near the top (see fig. 12) where the sectioa (Id) containB as many rings 
as there are years in the period (a) for which the accretion is to be 
determined. Then from the middle of the topless portion {d) of the 
tfee extract^ with Pressler's accretion borer, a cylinder of wood; roeas- 
nre off on tiiat oyliader the width of the last n rings and sabtract 
twice that width firom the outside diameter measured here without bark. 
The difi'erenee gives the diameter the tree had n years ago. Multiply- 
ing the basal area corresponding to that diameter by the length {h) of 
the topless portion of the tree the volume of the tree as it was n years 
ago is ascertained. The difference between tlie present and past vol- 
umes gives the periodic accretion for the last n years. 

Pressler simpiities this method by measuring at the middle of the 
h \ 

topless stem ( ^ ) both the present diameter and that of the tree as it 

was H years ago and calculates the respective volumes by employing 
the length of tlie topless st^m. The excess in volume which results for 
the present tree due to the fact that the diameter which should have 

been taken halfway of the fall length tree (^at -^j was measured too 
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low, is coanterbalanced by neglectiug the volume of the top for tii6 » 
years. 

DKTSBIONING THE ACGBETION OF A FOREST. 

There are several iiietbods employed in determining tl^e inaHs accre- 
tion of a stand of trees for a short i>erio<i (from ten to twenty years), 
during wbu h it may be safely assumed that the mifnher of trees of the 
stand will not diminish owiitg to natural tbinniug (death). Of these 
the loilowing m:iy be i pconimended : 

When the growmi; stock of u forest has been asrertaiiRui by meaus 
of an averaf^e sample tree, then the accretion of that tree for a jj^iven 
number ol years should be multiplied by the number of trees the forest 
contaius, iu order to determine the rate of growth of the forest for that 
period of time. In case the growing stock of the forest was established 
by arranging its trees in diameter olasBes, the aooretion of «a«c1i diam- 
eter claw la determined separately by moltiplying the accretion of the 
sample tree by the somber of trees involved In the class. Adding 
together the aooietion of all the diameter eUisaes we obtain a sam whioh 
represents the rate of growth of tiie forest I6r the period of time In 
qneetlon. 

When the growing stock of a forest is determined by means of a peo- 
portional number of sample trees representing each diameter^ the accre- 
tions of the sample trees, calculate for each of them separately, are 
added together and the sum is multiplied by the quotient obtained by 
dividing the basal area of the forest by that of all the sample trees. 
The product gives the rate of growth of the forest during the period for 
which the accretion of the sample trees was determined. 
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A METHOD OF INVHSTIOATUIO TZMBBR GROWTH. 

When a forest is to be bought, sold, or assessed, or when its timber is 
to be cut, the qaestions which are to be solved relate either to its grow* 
lug stock alone — if the forest is to be disposed of immediately — or to 
the progress of it?* growth during the i>eriod for wliicli its standing 

timber is inteiHUn! to lie kept. The rnasterinfj of tlie methods di-^ciusaed 
on the preceding pages enal)le8 one to solve t!i<^se questions with ample 
accuracy. Witli additional knowledge rclatni-^ ro local prices «u cleared 
land, market ( (ujditioii of lumber and timber, cost of labor, transporta- 
tion, etc., the present value of the forest, or that which it may have at 
the expmitioii of a short period, is easily ascertained. The determina- 
tion of the growing stock in such cases terminates the inquiries, lint 
when a forest is intended for rational management, with the e.\pec- 
tation of mftking it yield continual returns, the knowledge of its grow- 
ing stock serves ooJy as a guiding point from which the way tovard 
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obtaining other Infimnation of equal importanoe becomes elearer. The 
■1100080 of oondaetlng the other iuqolrieB relating to tbe forest, with a 
Tiow lo working out an adequate plan for its uianagemeutf depends 
npon knowledpre of the sylvicultural possibilities of the species com* 
prising it. Tbe question, for instance, of liow far the actual animal 
growth of the forest difi'ers from the annual growth possible for the 
locality, under the jjfiven wtiditioiis aiid species or the age at which 
the cuttiug sliould be made in onlei to insnrn th;it possible annual 
growth, can he properly answeml when the requirerjicnts of the species 
("•Miipoaiiig the forest and the rate at whn-h those specien grow at 
various ages and under various situations m known. In Euro])e the 
sylvicultural requirements of forest trees have been ascertained iu au 
experimental, or rather historical, way. The forest districts into which 
the state forests were divided at the beginning of the epoch of forest 
regulation kept records registering the results attained by their forest 
trees under the various sitnations and treatment. These records, 
together with the casual and experimental observations organised 
later on by the Bnropean foresters, have aconmnlated a good deal of 
valuable and sound data, the systematic teaching of which has attained 
the rank of a soienee known under the name of sylyiculture. It has 
taken Europe almost two centuries to work out its sylvioalture. It 
wonld take the United States, with ten times as many species of 
economic value as are fonnd in Europe, considerably more time to work 
out its sylviculture should it ignore the progress made in forestry 
science, and in sj^te of it follow tbe slow historical method of investi- 
ating timber growth. 

It has been shown in the preceding pagfCf^ that the progrressive devel- 
opment of a single tree niay l>e dpteniiined in an aiialytirnl wny. The 
European foresters apply that analytical method for the examination 
of the average sample trees. The analysis of a few imlK iMual trees is 
sufficient to enable the forester, with the i^encral knowledge he possesses 
of the rate of growth of the particular speeieM, to deternnne the factor 
ot the locality, i. e., t« determine in what way the locality al^iects the 
general law of gi-owth of the species. But when the sylvienltiirai 
requirements of a species are totally unknown, au analysis of a few 
individual trees is scarcely sufficient even to indicate the raU^ of growth 
of the qieeies* To be sure, by analyzing a large number of trees taken 
on various sites and under various situations the rate of growth of the 
speeies could be determined, but if each of tbe number of individual 
trees were to be analysed separatel}-, as is done usually by Eoroi^ean 
foresters, the work would be too cumbersome. It was thought neces- 
sary, therefore, in the work for the Division of Forestry of ascertaining 
the rate of growth of our species, to modify the European analytical 
method so as to make it more applicable for the thorough investigation 
of timber growth. 

Aooording to the analytical method as employed by the European 
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foresters, each of the 1 1 ees measured for aualytiis^pouposeis is analyzed 
separately, and for each iiulividual tree a table of growth is [)re|Muned. 
Tlieii all the tables of growth are classified aecordiDg to forest condi- 
tions, ages, and decrees of dominance. Thereupon the tables assigned 
to a group are averaged, and a table representing the rate of growth of 
the group is tbas obtained. Supx)08e, for instance, that 50 trees of a 
given species were measaied «m a site ander the same forest ooDditians 
aDd tbeo analysed. Suppose ftirther tbat tbe oorrespoDdiDg 5U tables 
of growth, each, of course representing the progressive development of 
a single tree, have been divided into two distinct groups, aoeording to 
the accepted dassiiication, one gtonp containing 29 and the other 21. 
Finding the average of the 20 tables and that of the 21 tables, the 50 
analysed trees would have been finally represented by 2 tables, eaeh 
representing the rate of growth of the eoimpoiiding gr<mp. 

These operations can be simpliiled by starting with the classification 
of the trees when their measurements are taken in the forest, then 
proceeding with the averaging of those measurements for each group 
separately, and finally analyzing only tbe average tree of each group. 

The classifif'fttjoT* of trees can be performed in a more efficient and 
accurate way in the torest than in tbo office. The nieasHreTneTits for 
ea.<-li ^noup of trees can be tnken separately and sfi ai ranged as to per- 
mit the entering of seta of cot responding uieasurements of a homoge* 
ueous nature on separate .sheets, thus facilitating their averaging. For 
instance, all the measnrements ofcross sections taken at uniform heights 
from ground would be entered on one sheet for all the trees of the same 
group, liy averaging, then, these homogeneous sets of measurements, 
hgures would be obtained representing the measurements ol au average 
tree of the group. Tbe analysis of tbat average tree would determine 
tbe progressive developaient of the group. Thus by reversing the 
prooess of analysis the rate of growth of the 50 trees taken in our exam- 
ple could be determined by the analysis of only 2 trees, each being an 
average for one of the two eorrespoiiding groups. 

While the work in the field and the averaging either of the taMee of 
growth or the sets of homogeneous measurements will consume the 
same amount of time, the time required for the analysis itself of the 
SO trees would differ in the two cases in the proportion of 2 to 50, i. e., 
the modified method would have required only one twenty-fifth of tbe 
time that would have been consumed by the analytical method as prao* 
ticed by Kuroi)ean foresters. The saving of time will be more appre- 
ciated when it is known that the complete analysis of a single tree of 
seven to nine cross sections, includincr the prejjaration of the table of 
growth, takes a day's work. Determination of the rate of i^rowth of 
the 50 trees would consume 50 working days, while ttnder the present 
arrangement 2 days are ^ullieient to arrive ai tlie same results. 

The detailed discussion «>I' the method, accompanied by an actual 
example, will enable the reader to uiMlerstand its working more clearly. 
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FOLD WOBX. 

Under the ™i><!1ffH method heaej^reaented the field work conetitaleft 
fhe BUMt delieate pert of the tree analyBifl. The reliability of the tablee 
of growth oelooUited In the offioe for varioiiB groups of trees and the 
dcdwstions made ficma them dejiend not only apon the aeonracy with 
whioh the measurements of individual trees are taken, but also upon 
the knowledge and skUl employed in dassi^ng the trees and describ- 
ing the conditions under which they grow. 

The field work begius with a general description of the station. 
Blank No. 1, given in the appendix, may be recommended for that 
purpose. The geographical climate of a station is determined by its 
latitude. Special attention must be given to ascertaining the physical 
or local climate, for it has a direct effect npon the rate of growth and 
quality of timber. The local climate depends upon the general con- 
figunition, elevation, general trend of the valleys or mountains, nature 
of soil, and proximity of sea. All these local features must be care- 
fully uot^'d. If the locality is provided with a meteorological station 
the record of that station fur average monthly temperature, for aver- 
age monthly precipitation, and monthly means of relative humidity 
should be prucLucd lor the greatest possible length ul time. 

In most cases such climatic data can uot be obtained, and that is why 
it is advisable to earefdlly examine every local feature that may exert 
nn inflnence npon the temperatnxe and humidity of the atmosphere. 

VDRBCT OOKDinOira OF MATUM. 

In describing the forest oonditions of the station typical forms should 
he indicated, and, if possible^ each typical form represented by one or 
more sample areas. Such sample areas, besides having a statistical 
Tslne^ fomish valnable information on which to outline the general 
forest conditions surrounding the species under investigation. 

It is exceedingly desirable to procure trees for analysis from each 
typical form of forest conditions of the station, especially so when the 
typical forms differ considerably from each other in soil and drainag^e 
conditions or iti the composition and (!en5^ity of tlie forest. The climate 
being thus eliminated, it becomes inure easy to determine the effect of 
each of the various fa€tx)r8 upon the rate of growth of the ftjieeies. 

In many instances the timber investigator has little dioiee in select- 
ing conditions for measuring trees, because the detailed measurement 
necessary for analvtic4»l purposes requires the felling of the trees and 
their being sawed up into log^s, which operation is rcf^'ulat^id by the 
lumber camps. The operators of lumber camps usually confine them- 
selves for each winter to limited forest areas, which seldom offer a wide 
range of forest and other conditions. A station may comprise several 
tsanpa, each of which, of course, may represent distinct foMt conditions. 
Bttt in most oaees the timber investigator will have to connect his work 
m'tb the operatione of the lumber camp, and direct his attention at 
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least to wicli Spots of the lumber area wbere the species is foand in 
primeval forest eonditioDS atid not affected by natural dangers. The 
spots selected most be carefully and minutely described, accompanying 

the description by a sample area staked off exactly in tlie place where 
the trees will be nfterwards felled and measured for .innlysis. Blank 
No. 2 in the appendix may be conveuieutly used both tor des(Ti]>tion 
and measurinpf purposes of the sample area, which should be, if possi- 
ble, an acre in extnit, The luetliod of taking the acre yield measure- 
ments lias bt^u discustteii in one of the preced in chapters. As reg:irds 
the description of the Siimple area, the example given in the blank 
shows exactly how it should be done. 

In a mouuLaiiioiis < omitry the asjieot or exposure must be noticed, for 
it exerts an influence on the cJimatc and hence upon the growth ol' trees. 
The northern aspect has diffused light, comparatively little heat, and 
the soil, due to low temperature, remains moist, thus favonug rapid 
growth. The eastern aspect is the most favorable for forest vegetatioii, 
beeanse the san shines obliqudy and during the coolest hours of the 
day ; the temperature aud the light are moderate^ permitting the soil 
to retain its moisture, which again fxwK^ aetlTe growth. 

The aouthero ezpoeure has the san almost all day, causing intense 
light, heat, and high temperature, which dries the soil rapidly and, con- 
sequently, retards tree growth. On the western exposure the sun 
shines during the hottest hours; again the high temperature makes it 
difficult to retain the moisture of the soil. Of course, the nature of 
the prevailing winds will modify the influence exercised by the expos* 
are upon tree growth, and it is desirable, therefore, to note the direc- 
tions of the wind, its velocity, and the amount of moisture and heat 
with wliich it is charged. It should be also moTitionod that (m north- 
ern aud eastern exposures, especially on the uortijern, vegetation is 
retarded and the trees usually escape spring frost, but are apt to sutJ'er 
from early autumn frost, owing lo the incomplete liguification of their 
shoots. On southern and western exi)osures vegetation begins early 
and young forests often fall the victim of spring frosts, 

flOIL hXD DBAIKAOB COMOmOKS. 

In describing the soil it must be borne in mind that the fertility of a 
soil for sylvicultunil i»nrposes is determined by its physical properties 
rather than by its chemical composition. Forest vegetation requires 
little i uorganic matter. The aumunt of inorganic matter barely exceeds 
one-half of that required by agricultural products, and then a great 
portion of it is returned to the soil by the fall and decomposition of 
the leaves and branches. The mineral constituents absolutely neces- 
sary for the growth and development of trees are: Potash, calcium, 
iron, magnesia, phosphorus, aud salphur. Most noils oontaiu these 
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mineral sabataiioes in a tnflleient quantity to meet the reqairemente of 
finest vegetation. The * important thing to know abont the soils 
devoted to sylvicttlture is the relative qnantities of the principal 
components of the soil, i. e^, of sand, clay, limestone, and organic mat- 
ter which the soil contains; for the proportion in which these are 
mixed determines the texture of the soil, hence its physical properties. 
A chemical analysis of the soil can not supply this information, nor 
dees the nature of the rocks give a clue, for the same rocks do not 
slways form similar soils, and the products of decomposition do not 
always remain together; besides the soil formed from a rock varies 
in its properties with the stages of disintegration. The principal com- 
ponents of tlip 8oil can best be determined by mechanical analysis, 
which recoinniPTiflfd wlionevtT possil^le. But for ])nr]>fisps nt hand 
the timber iuvestigator can attain good results by examining the soil 
in the field in the following manner: Take a certain (juautity of 
soil, say a pound, and dry it thoronjrhly at approximately the tem- 
perature of boiling water. The flit!Vrence in weiprht before and after it 
"was dried gives the amount of nioist.nre. Cruml)]»' the dry soil into 
powder, take a certain quantity of it and mix it with water while 
stirring; let the mixture stand for a while and decant carefully the 
torbid liquid* Bepeat this process several times ontil the last water 
to be ponred off becomes altogether clear. What is left at the bottom 
of the vessel constttntes sand ; dry and weigh it. The torbid liquid 
contains day, limestone, and organic matter. Add gradually to the 
torbid Hqoid hydrochloric acid ontil it turns litmos paper red; filter 
it well and dry the residoe, which contains ciay and organic matter. 
Ignite the residoe in order to born the organic matter; t)|e difference 
in weight before and after it was ignited gives the amount of organic 
matter, the rest constitutes clay. Adding together the weight thus 
obtained for sand, clay, and organic matter and subtracting the sum 
from the original weight of the part of the dry soil taken for analysis, 
the amount of limestone is rong^hly determined. Accordinpf to the 
proportion in which the principal components are mixed, soils are 
daseitied as sand, loam, clay, and limo. 

Sandy soils contain 75 per cent or more sand; the remainder is clay. 
When clay constitutes from 15 to 25 per cent, tlie soil is called loamy 
sand; when the clay is found to be 10 per cent or less, the soil is con- 
sidered ay a sand. Loamy aoils contain truni GO to 70 per cent of sand, 
ab<mt 5 per cent of lime, 5 per cent of iron oxides, while the rest is made 
up of clay. When the clay constitutes 40 per cent, the soil is considered 
as kmm ; when the clay constitutes 30 per cent, it is considered as a 
sandy loam. 

Clayey soils are those which contain 50 per cent of clay and more. 
When cliur and loam are mixed half and-half; the soil is called elayey 
loan; bat wh«n day oonstitateB more than 00 per cent^ the soil is 
esBsidered aaa oiaj. 
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Limy soils are those which contain over 10 i>er cent of carbonate of 
lime. According to the- proportion of lime foand in the soilSy they are 
sobdivided into: 

Marl mil», cuntttining from 10 to 20 per cent of carbonate of lime. 
IxMuny Hum, eontAining »boat 80 par o«nt of carbonate of Uom. 
Clayey lim», eootainiag about 40 per oant of eatbonata of liina. 
Ltme, oonti^iDg about SO per cent of earbooate of Uma. 

These are the principal claaaes of soil ; besidesy there may be diBtin- 
gnished two other classes of soil, namely, hnmue and fennginoas soiL 
Hnmus soil con tiiius 20 per cent and more of vegetable mold. Ferrugi- 
nous 8<<il contains from 10 to 25 per oentof iron oxide. It can beeaetly 
recognized by its brown red color. 

The above classification, which is commonly nsied in European for- 
eBtry practice, is nsefol becaase at onoe saggestive of the physical 
properties of the soil, 

FHTSICAI. PBOPBBTU8 OF 60IL. 

The physical properties of a soil of importance to sylviealtnte are 
thor^e which determine its moistore conditions. Upon the amonnt of 
moisture in the soil depends the chemical activity of the soil, its tern- 
peralQiey and the supply of water for the growth of the plant. With 
regard to moisture, soils are classified by European foresters as Ibllows: 

Wet, where water flows from the clod without pressure being applied* 

Hoist, where water drops from the clod on pressure being applied. 

Fresh, where traces of moisture are felt by piessing a handful of 
soil. 

Dry, where traces of moisture are not felt, but when rubbed the soil 
does not rCHolve into dust. 

Arid, where oti rnbbing the soil ( rimibles into dusti 
The chief physical i)roi)erties ut soil are: 

(1) Hy(jroHcopicit\f. — Hygroscopicity of soil, or tlie capacity with 
wliii h it absoi t)s and retains water, depends upon the fineness of the 
soil partu lert and is, therefore, in direct proportion to the compactness 
of the soil. The power of absorbing rain water is the greatest in lime, 
then comes clay, loam, and sand. The aqueous vapors of the atmos- 
phere are best absorbed by day, next by lime, loam, and sand. 

(2) Tenkocity. — ^Tenacity, or the degree of cohestveness between the 
pwticles of the soil, depends upon the siae of the particles. Clay and 
sand represent in this respect two extremes. The first one, consisting 
of very fine grain, represents the most tenacious, while the latter, con- 
sisting of granular and coarser grain, represents the least teuadons 
soil. With regard to tenacity the soils may be classified as heavy, 
mild, light, loose, and shifting. To the class of heavy, stiflf, or tena- 
cious soils belong clays, clayey loams, limes, and maris. Heavy 
soils are characterized by the deep cracks they fonn when suddenly 
dried. To the class of mild soils belong loams, sandy loams, and loamy 
limes. Mild soils crack wheu suddenly dried, but are able to retain 
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the form of clods. Loamy sand and eandy marl are considered as light 
soils, which are characterized by being capable of forming clods when 
mmaL Sand is considered as a loose soil, which is incapable of form- 
iogclodB eiwn when moiBt* To the class of shifting soils beloDg the 
sand drifts sod doDes. TeDiicions soils are uBfikvorable for tree growth, 
beeanse, firstly, they ofiier considerable resistance to the penetration of 
roots and their ramification throagbont the soil; secondly, the drcnla- 
tion of air and moistore in snch soils is greatly impeded. Oonse- 
qaently, tenadons soils are either excessively moist or ezcessively dry. 
They absorb water slowly, bnt in large quantities. The power of soila 
to retain moisture is in direct proportion to their tenacity* So the 
power of retaining moistnre is the greatest in day; next comes lime^ 
loam, and, finally, sand. 

(3) FermeabUiiif, — Permeability, or the capacity of the soil to di£fnse 
its mni stare, in proportional to the size of the soil particles. It is the 
greatest in sand, next in loam, lime, and least in chiy. 

(4) Wnrmth. — The warmth ()f soil, or facility with which it absorbs 
beat, ib'peiuls, aside from tin- atmospheric temperatiii e, upon its color 
and the quanrity of moustuie it contains. Clayey soiln do not easily 
raise or lower their t«Mnperature with the corresponding increase or 
decrease of the atmospheric temperature — they are cold soils. Sandy 
soils are very active and respond to even slight changes in the atmos- 
pheric temperature — they arc warm soils. 

(5) Depth. — The upper layer, which is penetiatedby the roots, is spoken 
of as the soil; from it the trees draw the mineral nutriments. What is 
below the soil is eonaider«>d as the subsoil, wbidi may be of the same 
nature with the soil or may difl^ar from it. 

Depth of soil in sylvicnltare is rather a relative conception. Soils 
which are shallow fin one kind of trees may be considered deep when 
applied to other hinds of trees. It depends altogether on the natnre 
and development of the root systems of the spedes. Each species, 
then, conld have its own classification of soils as regards tiieir depth | 
bnt for jirnc tiral purposes a general and uniform classification may be 
adopted. The classification adopted by the experiment stations in tier- 
many, given below, may be recommended : Very shallow, np to G inches; 
shallow, from 6 inches to 1 foot; medium, from 1 foot to 2 feet; deep, 
from 2 feet to 4 feet ; very deep, over 4 feet. 

Deep soils are very favorable, even for species with shallow root 
systems, for they can retain tli^ uKjistnre longer, while the moisture 
conditions of shallow soils depends upon the nature of the subsoil. 
Usually shallow soils suffer either &om excess of moisture or from 
drought. 

Vegetable mold tends to modify extreme difterences of the soils. It 
makes stiff soils less tenacious and binds loose soils; it warms cold and 
cools warmer soils; it increases the depth of soil ; it is capable of hold- 
ing large masses of waters, which it gives gradnally to the lower layer; 
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it condenaes aqaeons vapors, carbonic-acid gas, and ammoDia from the 
atmospheie, which, together with the carbonic add-gaa it develops, 
assiatB the decomposition of the mineral snbstaneea in the sidSL 

tUBSOIU 

The subsoil, if diii'ereiit ia nature from the soil, sliould be describtni 
in the same manner as the soil. 

SOIL OOVBR. 

Under soil cover is meant tbe weedy or lierbaceouM forest plants that 
grow in the soil. Tt sbonid be noted, because frequently such weeds 
indicate the quality of the soil 

rOREST CONDITIONS OF SAMPLB ABBA. 

In describinpr tlie forest conditions of tlie samjjle araa it is advisable 
to be as concise as possible. The blanks left for the composition of for- 
est should be filled out after the measuremeuts of the acre jield have 
been taken, because then the proportion in whicli the species fouud in 
the forest area mixed may be accurately determined. Very small trees, 
such as tho^e under 3 iuches in diameter (breast high) and under 20 
feet high, should be counted separately and be considered as under- 
growth. All ehrob forms shoold also be mentioned as a part of the 
undergrowth* 

The description of the sample area is usually concluded with general 
lemarka relating to the appearance of the stand of trees^ development 
of ccowns, quality of timber, average ages of the apeciea composing the 
stand, and such other items as may for any reason be found neoeaaaiy. 

DBMSITT OF FOBBRT. 

The density of a ftareat is uaaally jndged by ICs canopy or degree of 
contact of the crowns of the trees. When the crowns are in touch with 
each other, forming a close canopy, the density is considered normal 
and thefbiest fully stocked. This condition is designated by a unit 
The degrees of opening of the crown cover are expressed in dedmals, 
thus permitting tbe making of 10 degrees of density. The density 
llMtor is simply a short expression of the light conditions of the for- 
est, and the 10 degrees are established not with the expectation of 
getting the exact mark of density, but to enable the forester to indicate 
it with more facility. It is not worth while to puzzle the bruins over 
the solution as to whether the density is Ofy or 0.6, especially when it 
IS remembered that the method of desij^iiating the density is in itself 
uii|)erfect and mostly bakied upon the general impression of tbe 
lures ler. 
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ACRB^TIBLD MBAAURXHBNT. 

In measnriug the trees on the sample area special attention should 
be given to the classiticatiou of trees resulting from varioua stages of 
development which tUey have attained, the basis of such classiAcatioD 
being height and crowo developmenL For the purposes at haod it Is 
Boffident to eonaider only three elassea, namely, dominant, eodominant, 
aud oppressed. Dominant trees are those which overtop their neigh- 
bora and possess folly developed crowns. Godominant trees are those 
which, althongh being of the same height as the dominant trees, pos- 
sess poorly developed crowns, nsnaUy compressed on all sides by neigh- 
boring trees. Oppressed trees are those whose crowns are stfll less 
developed than those of the codominant trees; they are not only com- 
pressed, bat also somewhat overtopped by the neighboring trees. It is 
advisable to adopt a conventional systein of marking the trees of each 
dass of dominance by blazing the bark of trees below the height of the 
stump, vrheu the class of dominance assigned to a tree while standing 
may be either verified or r^ected afterwards when the tree is felled and 
measured in detail, 

DBDOCKD RS8CI.TS. 

The sample areii leaves a general impression upon the mind of the 
timber investigator. This impression should be utilized by converting 
it into flgnres of forest economic value, which can be easily remem- 
beared. It is exceedingly desirable that the timber investigator should 
deduce all the results relating to the acre-jield in the manner Bhown in 
Blank No. 2 immediately after the sample area is described and meas- 
ured. Thereafter,' when, while the details are fk^h in mind, the timber 
investigator meets with similar forest conditions, he is in a position to 
eiitlmate the standing timber at a glance, using previous experiences as 
a basis of judgments 

THK MKA0URIMO Or FELLED TBBEiS FOR ANALTSIS. 

When the trees on the sample area are felled and sawed into logs the 
timber investigator should begin the detailed measurements. The saw* 
yero are followed, and as each tree is sawed into logs the measurements 

are made before the logs are removed from the place where the tree fell. 

The tree is calipered flrst at breast height, and then at intervals of 
8 feet from the ground, until a point on the trunk is reached where the 
diameter measures 5 inches or less. In keeping a record of the meas- 

nrementa, the entry for each tree includes its hvvu\] number: heipht of 
tree; hei^rlit to base of crown; character of jjiowtli, i. e., wliether doni- 
iriant, <-o(lominaut, or oppressed; condition of timber, i. e., whether 
sound, defective, crooked, wind sliaken, clear, or knotty ; araouTitof mer- 
chantable timber (determined by sealing the logs of the tree right on 
the spot where it is felled); the position of the tree and surrounding 
species, and other remarks, iilauk JSo. 3 of the axix>eudix gives the 
5107— No. 20 i 
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meaflorements of the trees felled on sample area described in Blank 
No. 2, When the ealipcnnng is completed and reoorded, the measure- 
ments of growth at the stump and at the top of each log is made by 
Goniiting and measuring the rings on the average radius of each cross 
section, as indicated in Blank No. 4 of the appendix. The most sys- 
tematic results are socnred if all the trees are cat into logs of equal 
length, say 10 feet. Each blank of set No. 4 is intended for recording 
the measurements of cross scrtinns tiom all the trees at approximately 
the same height tVoni the gromid sepanitely lor eu<'li <r''<Hip; thus one 
of IHaiik No. 4 records the rmu.ts of stump measurements for the ti res 
of each ol the tliree groups (dominant, codominant, and ui)pres.sed), 
while the other records the results of cross section at the top of first 
log (18 feet from ground), the third, that taken at the top of the 8econd 
lo^^ (34 feet fror ground), etc. In the appendix are given two blanks 
of set No. 4; one records the stump section, the other the cross section 
takeu at the top of the third log (5U feet from the ground). The groups 
of trees in this particular instance had nine cross sections, which were 
recorded In nine blanks of set .No. 4. The measuring of the cross see* 
tions should begin with the stump section, because the number of rings 
counted on this section determines the age of the tree (of coarse, the 
allowance made for the height of the stomp must be added), which 
must be known for establishing age classes before the measurements 
of sections are registered. Trees either of the same age or diifering 
not more than twenty years for old trees and ten years for younger 
trees, usually constitute one age class. Tlie ring.s of a section are care- 
fhlly counted on the average radius, aiul the distances for 10, 20, 30, 40, 
etc., rings from the center to the periphery are noted in millimeters. 
The entire radius is also noted. Besides, for each cross section should 
be noted — 

(1) Number of tree to whi< h it belongs. 

(2) Exact height from ground. 

(3) Tliickuessof bark. 

(4) Nnmbor and width of rings in the s:tpwood. 
{o) .Number oX liug.s uu the crosis sections. 
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OFFICE WORK. 



TABULATION OF MKA81TRBD TRRRS. 



Tbe office work begins with a concise description of the forest con 
(litioiis of the trees measured for analysis, accorapanied by a tabulation 
for eac*h ^roup of snch measuremeuta and calculations, as are illus 
trat^d iu the following form : 



Form No. 5. 

(Slt«:/. Ag6-cl»a»: 240-280 year*. Sjieclea: Whlt«' pine.) 



Location. 



Da Bois, Clear- 
field Comity. 
Pa. 

Latitude. 41° S'. 
LonKitude. 78° 
45'. 

Altitiidtr. 1.200 to 
l,40O feet. 



Doacriptionof aile. 



II oil) lo ck . mix ed 
with whitn {tine, 
with ni-itttrrini: 
maple, lictH-li, nn«i 
birch, on a tiill 
nlopiii^ towiinl 
Boiithw<-f)t. wliere 
it in l>oriliTi-il liy 
t h « 1 e f t ■ lia II il 
bmnrb «f Narrow 
Crvelt. Tlie iiio*!- 
eratelv <leniM.i iin- 
derj^wtli oon- 
Bi»tMu( Vf r\ yiiiiiii; 
li<«r«')i, homlot'k, 
anil i>crii»ioiia I 
birch ami eiicuiii. 
bvr. 
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1 2IMI 35) 

2 2) 0 :{0 

3 2.'>tf :i2 

4 241 i-l 
10 244 3.t 
12 ?«•.' 2H 
IH 26'. :<o 
IU 2.'>i' 34 

20 '.'(Xi 44 

21 2\b 34 
23 24« 34 

33 2.'>ti :i:t 

.T4 2fi2 33 

35 2o:t ai 

36 241 31 1 

37 261 37 
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.'ill. I 
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k » » s 

• fee - 

o z — S « 



3. o;io 0. 

3.401 . 

2.037 . 

2.070 . 

2,38» . 

l.»548 . 

3.318 . 

2.397 . 

4, 38H . 
2.248 . 
2.318 . 
1.770 . 
2.220 . 
1,458 . 
1.85,3 . 
2,070 . 



40 0. 43 
43 .42 

40 .44 

41 .59 

42 .34 

43 .43 
40 .42! 
42 .48 
42 so! 
40 .37 
42 .37 
40 .31 
42 .38 
36 .43 
42 .34 

44 .27 



58 
59 
55 
W 
54 
47 
54 
40 
57 
51 
51 
48 
50 
44 
50 
50 



Soil; Yellow clay 
loam nf a tiHHliiim 

f;raiii (Hni' nhalfii 
n it), drop, fri'Hb, 
well ilraiiifil. with 
2 to 3 itirh mold on 
tnpand with n Hiir 
fare covi-r of f«r»n- 
ly leaven, fi>rii. tea 
berrie.*, ami Hcat- 
terinK dogwixHl 
(laurel in nortb- 
•ant rumer ami un 
north Aiile). 
SnbiMiil: Laminat<il 
itbale nf iiii imletl- 
nito depth. 



Avenge. 





255 

1 


34 


147 


»8 


7. 0 


39II. 0 


2.f.07 


.41 


.39 


52 


28 


261 


281 


138 


75 


9.8 


264. 3 


i.fvr.i 


.43 


.45 


49 


25 


244 


28J 


138 


107 


7.7 


208. 1 


1,054 


.49 


.22 


54 


24 


24.") 


25 


130 


84 


9.3 


102. 1 


1. 102 


.43 


.35 


48 


22 


240 


31 


130 


82 


7.3 


310. 3 


1.7::i 


45 


..37 


40 


"l 


204 


20 


140 


ItWI 


8. 1 


3IHI 4 


1,005 


.47 


.28 


52 


U 


204 


2'.> 


140 


111) 


^.:> 


291. 4 


I.Wl 


.4.51 


21 


47 


t 


2<52 


29 


1.*.2 


112 


9. 5 


302. 8 


1,854 


. 4rt! 


.26 


51 


8 


23.'. 


2l» 


142 


86 




24^*6 


1,318 


.3« 


39 


44 


•1 


230 


'.I** 


142 


81 




287. 7 




. 30 


.41 


48 


11 


244 


30 


141 


81 


'7.5 


305. 3 


1.047 


.44 


.42 




13 


2.'i8 


23 


147 


93 


9.0 


20<;. 0 


1.018 


.48 


.37 


42 


14 


242 


n25 


130 


08 




217. I 


1,233 


.46 


.30 


47 


15 


2flJ 


20 


130 


98 




2.'.7. 2 


1. 389 


.51 


.28 


45 


16 


23.'. 


24J 


124 


9.3 




lii:i 8 


815 


.40 


. 25 


41 


17 


202 


25 


128 


108 




214 4 


1. 183 


.49 


. 16 


46 


20 


24:. 


20 


130 


98 


93 


loo. 2 


1,021 


.40 


28 


47 


30 


250 


2fiJ 


134 


1M» 


9.2 


22'*. 0 


1.3.36 


.44 


.32 


«8 


29 


264 


28 


141 


84 


9 2 


270 5 


1..577 


.46 


.40 


47 


31 


202 


25i 


132 


8..' 10.0 


191 8 


863 


.41 


..33 


37 


j 32 


261 


20 


142 


00 


9. 1 


230. 0 


1 322 


.46: 


.30 


46 


-1 


21-2 


27 


138 


93 


9.0 


2:>o. 0 


1.421 


.44 


.32 


47 


27 


2.VI 


19 


132' 


»4 11.6 


138.8 


68n 


m! 


.29 


41 


U 


2iU) 


23 


137 


DO II. 1 


189. 0 


087 


.48 


.30 


43 


39 


258 


20i 


123: 


109 13.0 


130. 0 


5.'.8 


46 


.11 


35 


4U 


201 


lU^ 


120 


82 13. 7 


89. 0 


339 


..50 


.31 


31 


1 


2511 


20 


I28j 


93 12. 3 

1 


137. U 

1 


042 


49 




37 



3 



i 

a 

•J 



t 

■ £ 
a. 
a. 
O 



52 



ANALYSIS. 

The crofiB sections of each groap are averaged in order to obtain the 
meaiinrements of the cross sections of the average tree of the group, 
whicii is then constructed and analyzed in the manner discussed under 
caption "Bate of growth " in preceding pages. 

As an example, the analysis of the dominant gronp is given below. 
It begins with averaging the widths for the groups of rings from center 
to pori])hery for each of the croiis sections from which the area and 
accretiou are calculated. 



Cro— Mettoii of tk« 9ttmp vf IA« •t0rage trM «/ tK« groap* 

SlTK /. — Dommaiit group of Ifj tiet-s. 

C'Kosb 6BCTIUM: Stiuup. 

Height from i^rouinl, 2 feet. 
WMutli of hark. 43 iiiilliiuoters. 
Kntuber uf rin^H in nap. 35. 
Widtb of MP, 32 iMillitiiet«i«. 
Total aiUBber of rlnss, 24t. 
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Onu MolioR at 18 fed from the ground qf the average tree of the group, 
Sitk/. — DomiDunt group of IG tieetj. 

Cross Section : ^o. i. 

Heicbt from groand, 18 feet. 
Wiath of bvk. 2-.' iniinmeteni. 
l^niubefTof ring* in ^tap. -i-i. 
Width of mn, % tuilliin<-ters. 
KamlMr of ring*, 2m. 

XiiiiilM?r 

of T'\\\g» I 

.(center to BwUua. 
periph- 
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^roM »<»c<Mm 0/ feet fmm the ground of the average tret of the group. 
Sitk/. — Doriiiuaut group ol l(j trees. 

Ciioss .Section : Xo. 2. 

H»-ii:lit from sronod, 34 f« «t . 
Wi<lrh of bark. 18 iiiniiniit«r>«. 
>'unii'< r of riiitt» n xup. 48. 
Wi<]ib oi nap. :{2 niilliineterii. 
Kuiuli*r of Tiitg». 228. 
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Grot* §0eUo» at SOfmAfnm lk« ^roMui of tktf aMropa tm «/ <k« fTMjk * 

SiTK /. — Douiiuaut group of 16 trees. 

Cross SscnoH: No. 3. 

Helsht from crounH.SO feet. 
Wiilth of bark. 15 niillinaetnn. 
Number of rfnga in aap, 4fi. 
Width of aap. 33 luUlimelm. 
Kumberof rint!ii,218. 
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Crota »eeti0M at 66 feet from tke ground of the ateragt tree qf the gromp 
8iTR/.— Dominant group of 16 tioea. 

CBOas SscTiox: No. 4. 

Hciulit from crouml. 66 fort. 
\Vi(Iili of hark, 15 niilliiiiftc^ra, 
N timber of rin^R in nnp. 40. 
WUItb of sap. 34 inilliniettt*. 
Mumber of rluga. 203. 
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SiTB /. — Dominant groap of 16 trees. 

CR085 Sbctiom : Mo. S. 

Heisbt from ground, 82 f«et. 
W iltb or bark. i:( millimeMm. 
Number of riogii in nap, 43. 
Width o( uKo, » alUimelMt. 
lVuiDlMr«rcfig% IK^ 
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Crow $0etiaH at 99 feet from the ground of 2Ae acerage tree of the group. 
SiTB/.'Dominuit groap of 16 tfeet. 

Cboss BwmoH: No. 6. 

Belcht from groimd, 90 fteC. 
VMUi of berk, 11 miUlMtaEe. 
linmber of rlnn la Mp, ». 
WMftb of » mlllimelen. 
Kanber of riag*. in. 
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Cron ttcH&n at 114 ftet from tkii groani 0/ Ike wetra^ Iree offrwp* 
Sirs /.^Domioant group of 16 treos. 

Cbom fiacmoMi No, 7. 

n<<i|;l)t from eroaiiil. 114 l< < i. 
Winth of Imrk. 8 iiiiUinu-tcrs 
NiiiiiIht "f m i»:ij>. .14. 

Width ur sau. 33 oiilluuelera. 
Vmahwvt rUig». ISS. 
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Cro$9 $fi<tion at l.'9/eft from the yround of the average tree of group. 
SiTB /.— Doiuiuaiit group of iO tr««a. 

CR08.H Section: No. 8. 

Ilrluht frniii uioiiriii. 129 ft«^t. 
Wiiilh of hurk. fl inillIriK-t<v 



•ra. 



Nniiilier of riiicn iti »ap, 31. 
Width of H4tp. ;:<) inillfmaton. 
Kottiberof ria|$(«, 81. 
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The pHM't'din^ tnbiiliitions are used lor cx>ustructiug llie averatjc^ tree 
of the group, as ^liowii lu tig. 13. 



HBICHT GROWTH. 

The jjrof^ressive devolopmeiit of the height growth is determiued by 
means ot graphical iuteriiolaliuii, taking us a basi.s the heights and 
ages of the cross sectiouH as expUiiued under caption Kate of growth.** 
The tree ander analysis reached the height of the first cross section 
(18 feet) in theconreeof 17 years (age of tree minns age of section); 
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A'^.e of tree , 255 v^eara. 



Volume th bark,....4eO.\ cu f t. V\eart«Qod,10% 

« vN(ithQutbark^57\.5 » ?iap, \97c 

„ of hEflrt«iood^..^^^^ « - Bark, ...A r/c 

tin. U^RapNMattaf «r«nfl» tme of 4«infai»tti jsmtip dimoetod for analxatt. Tho oonofl roi, lel» 

•le., go m opond to tlioM gtTea in flg. ift. 
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It reached the height of the Beoond section (34 liBet) in the coarse of 27 
years (age of tree miniis age of second cross section), etc Making an 
allowance of six years which was required by the tree to attain the 
height of the stamp (2 ftet), the following were the heights reached by 
the tree at corresponding ages: 

A height of 2 HMt in 6 yaan. 

A height of 18 feet in 17 years. 

A heij^ht of 31 feet in 27 ycnra. 

A height of 50 feet iD 3U ycHTS. 

A height of 06 feet in 52 yean. 

A height of 82 feet in 70 yean. 

A height of 99 feet in f)4 vearn. 

A height of 111 leet in 133 y^ jiiH. 

A height of 129 feet in \6i years. 

A height of 147 (totol height) in 255 years (total a«re>. 

These fig^iires are used for wiistruetin^i: a t urve of height growth as 
follows: Take cross-section paper (sec lig. 14) and let the horizoiitiil 
line AB represeut the age of the tree and the vertical Ime AC its cor- 
responding height* Locate esch of the above 10 points on the cross- 
section paper with reforenoe to age and height lines and connect them. 
The cnrve thus obtained will represent graphically the height growth 
of the average tree of the groap. 

1>IAMKTKR UKOWTH. 

The progressive development of the diameter on each of the cross 
sections can be determined in the same graphical way by plotting the 
age of the section on the horizontal line and the corresponding distance 
from the center on the %'ertieal line. Connecting all the points thus 
located, a curve isobtained represeiitinjr graphically the diameter growth 
on the partitMilar enias section of tlic tree. For the tree under analysis 
nine curves should be constructed iu order to study the diameter growth 
ot the tree. 

VOtnM« OROWTH. 

Tlu' driail meaauremeiits of the cross sections of tlie averai^e tree 
of the group enables one to determine the volume the tree had when— 

17 yt-urs old 'vi'^e of troo niitntH H'^o of first •-»•. tioii). 

27 yenfH old (age ot tree niiiins ago of H(i«-on<l section^. 

39 years old (age of tree minus age of third sectiuu). 

52 years old (ago of tree minae age of fourth Motion). 

70yaaiao)d (age of treo iiiiiiaeage of liftb st ction). 

91 yearn o]«l fn-^e of ire- in inns age of sixth 8<'ctioii). 
133 years old (age of tree miniiH age of Buventh Bcctiou). 
164 years old (age of tree Tn1nn8 age of < iglith Rertion). 

The volume the tree had wiicu 17 yeai s old is determined as follows 
(see lig. 15; cone rai) : Calculate the diaimMcr of the central 1 1 rings on 
the stump section and find in the tables (page 37) the ai < a of its corre- 
sponding circle. Multiply this area l>y tbe height of I he stump (- feet); 
multiply also this area by one-half the length of the lirst section. 
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Tilt* siiiii of these products gives the volume of the first 17 euvelop- 
mg cones, or, what is the same, the volume the tree had when 17 
years old. 

The volume of the first ^ enveloping cones— i. e., tbe volame the 
tree bad irheo 27 years old— is obtained as follows (see fig. 15$ cone 
»bk) : Determine the diameter of the first 21 central rings on tbe stamp 
section (difliBrencu between the ages of stamp and second sections); 
determine tbe diameter of the first 10 central rings on tbe first erosR 
section ((Ufference between tbe ages of first and second sections); cal- 
calate tbe volame of the portion between stump and first sections, con* 
sidering it as frustum of cone or as a paraboloid; calculate the volume 
of the portion above tbe first section, considering it as a paraboloid. 
Tbe volume of stump the tree had when 27 years old is calculated by 
coiisiderinpT it as a cylinch'r. with a diameter equal to that of the first 21 
ceutral rings taken on tlie stump of tbe tree. T.y adding together the 
v<»lumes thus calculated the volume tbe tree had when 27 years old is 
obtained. The volum<'s the tree had when 52, 70, 1)4, 133, and ir»4 
years old are determined in tbe same manner (see fig. 15; cones trf, 
n<lm^ Vf'Hy ic/oj and xf/p) — i. e., the volume of portions of tree hetween 
two consecutive sections are calculated, considering them eitlier as 
frustums of cones or as frustums of paraboloids, while tlie volume of 
the last portion of tree is calculated, considering it as a paraboloid; 
the volume of stamp is calculated, considering it as a cylinder with the 
diameter taken on stump section. 

Tbe total volume of the tree is also calculated as explained above. 
Tbe progressive development of volame growth may be then deter- 
mined by means of graphical interpolation^ as shown by fig. 16, which 
represents the volame growth of the average tree of tbe group under 
analysis. 

Tbe analysis is generally concluded by collating the figures relating 
to height, diameter, area» and volame growth in the form of the follow- 
ing table: 



Digitized by Google 



jiViS of lU7^3«lc. ii^^ ^'l 
\mh of th. tLan«»«»l«.»«'t»^?. 





Diameter zZ7.4.n \5S R^njp ._ 



Stem at I B4- iicars of ag^. 



61 



Q 
S 



Q 



9 

a 



I g 



V 



X 

1 



I 



£ 



0 
I 

OS 



noij 



a ^ c-sr 2 S 8 S S S 2 S S ^ 3 .'^ ^3 i S § s :s :» S S 



a jl! Zi^vMMix Sf^ei s««c x x' r-: t-^ i-' » oi a oo <— ° — r' 



• ■ « 



■111111(1 



be 
a 

1 



qw — S I •j.'>;j 
Sao : 



» » * k » 
» ■ « ■ • 



a' 



— I .»;.I»r " • — — 9* « M ^ IB «» lO I© ^ lO it 

o — c; 

'•3 «. 



■ ■■III I ■- •»B««*«««*l««#* 



I Eiia 

« • « s UIBJU 



• - « a k 



■'Ns 

'"iriri'M — — — — ^ 



. — : »^ , *ft ift I— *A T o 




s I- •» Ti = — w — =. -X -r X » -c • r»t»«e 



~*co c< ■ 



rs s4 5* "J — »i »^ <-! •-• »i i-I »4 



C "C ■ ~ " • 

rjv-^fj I J^ja . ^ X r: — r. =i — ioc>e*tpii»n»«4e»oas«t a»«»a«» 
SB'S uiwKi «^Ticififi_-?j 



:>- XI . • ~ ?v 3c « © <* ifi re " M c» c I J 1 T J n W c« 



1 



aV 



'{MiuAvdtrv^ 




<S'» : 



25S«*««!:k ssa^gSSsssa y r. ^ f: i ?. ^ ^ 
^ — ei ri Tt fi CP} , — 

^ X n -r. — -• r?";! c n - r' i - r» i~ s Ti -• o X r -f w 

y ri ■■: »- X o r. 3 - — — > — 71 CI .-^ ^: .-5 — -r 



*(i|raq9a4N|ii~f i « . . ...... . ......... . . - 



Digitized by Google 



APPENDIX. 



BLANK NO. 1. 



UNITED STATES DEPARTMENT OF AGRICULTURE, 

DIVISION OF FOKESTRY. 



RECORDS OF TREE MEASUREMENTS. 



Name of eolleetor: N.N. 
SpecieM -. White pine. 

OSNKRAL, DKSCtUPriON OF STATION: A. 
(IteDotwl by capltiil letter.) 

State: Pennsylvania. County: ClearBeld. Town: Dnbois. 
Longitude: 45'. Latitude: 4r S'. Altitude: 1,200 to 1,S00 feet. 
Gouerul ( imtlKuratioD : Plains hxUn plateau mimatelaoM* 
GoiKTal troixl of vallf'VH or liillst (Not not***!.) 
Climatic features: (Met^ orolugifral tables J tiruisbed.) 

General forest conditione of the region : ThiM foreat area, in 1870, extended over 

20.(KiO .K-iOM. Tlic liiiiilxT operation!* carried ou for twenty years hy Mr, I>ii Iloia 
liave lelt only from J, "►00 to 2,(KK» acres of Htaiidin^ timber iu a primeval couUittuu. 
'I'liree typical furniH of forcHt eomlitions are «ii;ju«Ht<;d to lb*? observer: 

(1) 1-iemlock and white-pino forest, witb .'in adniixtnro of niatnre bardwoods and 
a nntnber of yoini); hatdwoo<lK and yonnjj lieinb)ck, wliicb form the nnderurowth. 

(2) lleniloek mixed with white pine, witb seatteriii^ liardxMxi.ls. 'liio nn(ier- 
growth, iiHnally moderately dHnse, ci)n»titt« tuainly of youog liouiluck with tb« ad- 
mixture of yon UK hardwoods. 

('A) n M<l\vr..<<k interndx< d Willi \vhit4^ pine and scattering hemloek. Thennder- 
groivlii InTe coiisiKts nntinly of hardwoodw. ^ 

Anions the hardwoodn the oak, bireli, and the maple form tbe staple of the liard- 
woo«i fore>t, while the beech, th(^ cheHtnnt, tho hickory, the CttCGmbeTf the astl, the 
cherry, and the ba88Wo<»d are comparatively few in number. 

The region ha« a nniforui soil and HnbKoil. aH may be ,|ud;:ed by the nauiple areas 
NN 5, 6b and 7, and is well provided witb moisture by the many stieama crossing it 
all over in different direotioaa. 
e2 
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BLAMK HOi a. 



DSBCRipnoM OP bits: 
[D»M»ted by snail lettor/.] 
Satnplfft »r»a, No. 5: (One urru.) 

Contv>rt;i:tr uni of 8iiri:ici : Uill ftlopiog toward •oatfawest, where it is bordered by 

tb«! Irjoii -Narrow Cicvk. 

Sotl an«l drainage ronditiuiiH : Yellow clay loura of u niediani gTAiii (fine shale in 
U>, deep, freeh, %vell drained, with .i io3 luch mold on top. 

8nlieoil: haniinatei) shale of an iudetlnite depth. 

Soil coN er- Scanty l«'ave«, IVin. ami tea beiTieS* 

Ori|{iu of fttuud: Natural regeneration. 

Form : Uniform ; storied, white pine fonna first and hemloek the eeoond. 

Coni|H>8ition : A Mtnnd of hemlock mixed with white pine, intermixed with acaV 
terin^ maple. Imech, and birch. 

Un3er;gr<)wtli : Absent; dense; iiioilero>«ly dense; scanty; consists of veiy yonng 
beech, hemluch, aud oeoaeional birch, eneumber, and dogwood (laurel in northeast 
corner). 

Density of stand: 0.7 (in jdaceH O.Si. 

Kemakk». — Crowns of white pine, generally well developed; clear and straight 
stems. Age of white pine 230 to *JM years. Age of hemlock almost the same as 
that of whito pine. 
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PREFACE 



Deak Readers: 

In the following pages an attempt is made to treat "Forest Men- 
suration" from a scientific-niathcmatical standpoint as well as from 
the view point of practical application. 

Naturally, pamphlets of as restricted a character as this treatise on 
forest mensuratioii address themselves to a very restricted cirde of 
readers ; and the expense of printing is never covered hy tiie returns from 
sales. 

Thus it becomes necessary, in order to reduce the expense of pub- 
lication, lo omit all, or practically all, lengthy explanation of a mathe- 
matical nature which tlie teacher at a forest school can eai>ily supply 
in the course of hb lectures. 

The present Btltmore pamphlet on Forest Hounnition is intended, 
above all, to assist the students enlisted at the Biltmore School. It con- 
tains the teacher's dictation which the students, in former years, were 
compelled to take down in long or shorthand, to the annoyance of both 
teacher and students. 

It cannot be expected that a present-day lumberman will take a direct 
and personal interest m any of the following paragraphs. Still, in con- 
servative forestry, in destructive forestry, and in any other business en- 
terprise, the truism is worth remembering that "ktutwUdgg is the best 
of assets.** 

Knowledge certainly forms the only unalienable factor of production. 

With tiie advent of high stumpage prices, the owner of woodland will 
be indmed to consider, under many circumstances, the advisabilily of 
forest-husbandry — an idea which was as preposterous in past decades of 
superabundance of timber as the raising of beef cattlCi some sixty years 
ago, in the prairies then abounding in buffalo. 

Financially considered, a proper outcome of forest-husbandry is and 
must be based on a proper application of the theories and pruiciples 
involved in forest mensuratibn. 

I shall be deeply grateful to a kind reader who, discovering mistakes 
or incongruities in the following paragraphs, will take the trouble of 
sending me a timely hint. Most truly, 

C. A. SCHENCK, 

Director Biltmore Forest School, and 
Forester to the Biltmore £siai4, 

August I, 1905- 
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PARAGRAPH I. 

DDINXnOir AND SUBDinSIOM. 

Ddmition: By ''Forest Mensuntion," fhe forester ascertains liie ifoI- 
mne^ the age, the increment and the stumpage value of trees^ parts of • 

trws and aggregates of trees. A--^ a hr.inch of forestry, forest neusun- 
tion may be divided into the following five parts: 

I. Determination of volume of trees cut down, of standing trees 

and of forest?;. 

II. Determination of age of trees and of forests. 
III. Determination of increment of trees and of forests. 
rV. Determination of sawn lumber. 

V. Determination of stmnpage value. 

Circular 445 of the Bureau of Forestry defines mensuration as "the 
determination of the present and future product of the forest." 

American literature is fonnd in Bulletin ao, Division of Forestry; Bul- 
letin 36, Bnreau of Forestry ; S. 6. Green, page 132 ; Lumber ft Log Book 
and Lumberman's Handbook, edited by tiie "American Lumberman." 

CHAPTER I.— VOLUME. 

SECTION L— VOLUME OF TREES CUT DOWN. 

PARAGRAPH II. 

UNITS OF VOLUMI. 

The volume of a tree or of a tree section is escpfessed: 

I. For scientific purposes, on tlie basis of exact measurements, in 
cubic feet or cubic meters. 

3. For practical purposes, by estimates according to local usage, often 
assisted by partial measurement, in local units (feet board 
measure; standards; cords; cubic feet; cord feet; etc). 

PARAGRAPH III. 

MATHEMATICAL FORM OF TREES. 

Trees do not grow, like crystals, according to purely mathematical laws. 
Tree growth is deeply influenced by individuality, by surroundings, by 
accidental occurrences, etc 

3 
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The body of a tree, considered as a conoid (a solid body formed by 
the revolution of a curve about an axis), is very complicated, being 
formed by a curve of high power This is the case even in straight and 
clear holed conifers. The tree bole shows, however, in certain sections 
of its body fr^ucntly a close resemblance to a truncated neilloid, cylinder, 
paraboloid and cone. 

The longitudinal section of conoids is outlined by a curve correspond- 
ing with the general equation 

in which y is the ordinate (corresponding widi tfie radius of the basal 
area), x the abscissa (representing the height of the conoid), n the 
power of the curve; whilst p is merely a constant factor. The volume 
V of the conoid is obtained by integral calculus: 

n-f-1 

It is equal to sectional area, s, times height, h, over (n-f i)- 
The truncated volumes are developed by deducting a small top conoid 
from a large total conoid. 

» n + 1 

In tiie general curve equation 

we find represented: 

A. For n equal to Of the blinder; 

B. For f» equal to t, the Apollonian paraboloid, wherein tiie ratio 

between sectional area and height is constant; 

C For n equal to a, the cone» wherein die ratio between raditis of 
sectional area and height is constant; 

D. For ft equal to 3, Neill's paraboloi(^ the truncated form of whidi 
is found at the basis of our trees. 

The top of the tree ro<;cmblcs a cone or NcilloH ; the main bole 
resembles the cylinder or the Apollonian paralxiloid. 

The cro5s section (see Par. XIII.) through a tree taken perpen- 
dicular to its axis shows a more or less circular form. Near 
sets of branches and near the roots, however, the outline is 
irregular. The center of the cirde usually fails to coincide with 
the axis of the tree. 

PARAGRAPH IV. 
cyumnL 

The cubic contents v of a cylinder arc equal to the height h of the 
cylinder, multiplied by the sectional area s of the cylinder. 

voL ^Under ^ h.s 
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PARAGRAPH V. 

APOLLONIAN PAEABOLOID. 

The volume v of the Apollonian paraboloid is equal to hcisht multi- 
plied by sectional area, or equal to 5^ of a cylioder having the same 
height and the same basal area. 

▼oL apoL « — 

2 

The volume t oi the truncated Apollonian paraboloid may be aicer- 

tained as: 

A. Height of trunk times arithmetical mean of top sectiami area 

and base sectional area. 

B. Hdi^t of trunk times sectional area in the midst of the trunk. 

t. apoL = h.B| 



PARAGRAPH VI. 
com. 

The volume of die ordinary cone is equal to height of cone times 1/3 
scctioiial area at the base. 

b.a 

wL ooBa — 
3 

The volume t of the truncated cone is equal to x/3 height of trunk 

timet «ai total of top Medioiial area ii, baaal sectional area 8% and i/sisi 

h , 

t. Qono . Y (*i + r ais,) 

PARAGRAPH VII. 

The volume of the Nciiloid equals ^ of its height times sectional area 
at the base. 

vol. neiL — ^ 

The volume of the truncated ncilloid t equals 

t. aell. - y( a, +a, + fJTt [^'•7+ 

wherein h denotes the height of the trunk; Sj and \ the top sectional 
area and the basal sectional area of the trunk. 



Digitized by Google 



4 Fcnst Mensuratiom 

PARAGRAPH VHI. 

riecke's, ruber's and smalian's FORMOte. 

Formules of practical and scientific application, used hen an 1 abroad, 
to ascertain the contents of logs, are those published by Smaiian, Riccke 
md Huber. 

Riedce's formola holds good for u equal to o^ i and 3» and is almost 

correct for the neUloid. 

Smalian over-estimates and Hnhi^r nndcr-estimates the actual contents 
of the truncated cone and of the truncated neilloid. 

h 

BieolM— Vol. ol tmnk (Sj + 46| + 
Hnber— Vol. of trunk » h.84 
Smaliaa^YdL of tmnk —-^(8^4- s,) 

S| designates the sectional area in the midst of the trunk, whilst ii and at 
itpreaent basal sectional area and top sectional area. 

PARAGRAPH IX. 

BOSSFIUl^S fOlMULI. 

The formule given by Hossfeld is: 

h 

VoL of trunk = — (3 at a,) 

It holds good for cylinder, cone and paraboloid. S| designates the sec- 
tional area at ^ of the height of the trunk. 



PARAGRAPH X. 

sihomy's rotMutx 

Simon/s Ibnnale requires measurements of sectional areas at \i 
and }i of the height of the trunk, thus avoiding tiie irregularities caused 
by ^e roots at the base and bj tiie branches at die top of a tree-trunk. 

h 

VoL of trunk — — (2sj — Bi4-2a|) 
This formule holds good for the four standard conoids. 



PARAGRAPH XI. 
SBCnONAL MEASUREMENT. 

The iormules given in Paragraphs III. to X. have, in C. A. Schenck's 
Opinion, a historic interest only when applied to whole trees. It is much 
safer to ascertain the volume of a tree bole by dissecting it into (imag- 
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inaxy) log sections of equal length, considering each of audi acctioaa 
as a cylinder or as a truncated paraboloid. The shorter the lengtft of 

the sections, the greater the accuracy of the result. In scientific research, 
the length of a section varies from 5 feet to 10 feet. Obviously, at the 
top of the bole an uneven length is left, which it might be wi^e to ascer- 
tain as a cone (or paraboloid— Bulletin ao). The volume of the total 
bole, from stump to tip, equals, if tiie length of such full section n %" 
and that of the top cone is *%" and 

i) if sectional areas aiiSbasi a* are meaaured at the big end of each 

section; 

wl. bote — -J" + + +■«) + 

a s 

3) li section^ areas 81, Su, Si n, Sm are measut cd in tlie midst oi each 

fiiD aectifm, and sectional area an at die basia of tiie top cone: 

b.aa 

▼oL bole « 1 (ai + an + am + >a>) +~r~ 

« 

The former formula is based on Smalian and the latter on Huber. 
In a similar way, and with still greater accuracy, the more comfrficated 
fcffmulaa of Ricdc^ Hossfeld and Simony mi^t be adapted to sectional 

measurements. 

R«^MAPK' If tho (linTiirtiT in the middle of a Ing is larger than the 
arithmetical mean of tlic end diameters, then the log contains more vol- 
ume than tiie truncated oone^ and viee'vetM, 

If the sectional area at the midst of &e log is larger tiian die arith> 
metical mean of the end sectional areas, then die log contains more 
volume tiban the truncated paraboloid, and vke versa. 

PARAGRAPH XII. 

MKASUnNO THK UNGTB OP A UXS. 

The length of a log is measured widi tape, stsdc or axe handle. In 
American logging, logs are usually cut in lengths of even feet, increased 

by an addition of two inches to six inches, which addition allows for 
shrinkage, for season checks, for damage to the log ends inflicted by 
snaking or driving, and for the trimming in the saw mill required to 
removed such end defects. 

In Continental Europe, the standard log lengths are multiples of even 
decimeters. An excess-length of up to eight inches is neglected. 

Crooked logs are made straight by deductions either from the length 
or from the diameter. Crooked trees should be dissected into very short 
logs. 

The standard lengtli of a New England log is 13 feet 
In the case of big logs, great care must be taken by the sawyers to 
obtain end-cuts perpendicular to the axis of the log. 

The sum of the lengths of logs cut from a tree is termed "used length." 
The total length of that portion of a bole which is merdiantable under 
given conditions is called "merchantable length." 
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PARAGRAPH XIIL 

MSASimiKG TBS SECTIONAL ASKA. 

n he sectional areas are ascertained wiih i!ic help of measuring tapCt 
caliper, iree shears, tree compa^se^, Biltmore measuring stick, etc. 

The aectkma] area is thus derived from tbe meMOraiiait either of the 
diameter or of the circumference. 

For exact scientific inv^tigattons the planimeter or tfie weifl^ of an 
even-sized piece of paper may be used. 

It is best to consider the sectional area of a tree as an ellipse^ die 
stiriace of which is: 

snrfaoa -° — D.d, 

the big diameter D being measured vertically to the small diameter d. 

Usually, however, tiie average diameter of die tree at a given point 
is found as the arithmetical mean of Ifae big and small diameter at that 
point measured cr sswise and not as tlie square root of the product of 
such diameters. Since 

the average diameter is invariably, though slightly, over-crtim:ited by 
crosswise measurement. Hence it is wise to drop, as an arbitrary offset, 
the excess of fractions of inches over full inches. 

The aritiimetical mean of the sectional areas belonging to diameters 
measured crosswise leads to still greater mistakrs. 

PARAGRAPH XIV. 
nrsmnrsim for vEASTnam nrAimns. 

Log calipers arc hkhIc of pyrus wod I or of metal. American make 
(Morley Bros., Saginaw, Mich.) cost $4-00 each. The moving leg ot the 
caliper is kept in place by a spring or a screw or a wedge. 

The best European makes are the **Priedridi'' and the *^qrer and 
Staudinger." Wimmenauer's "additioo-caliper'' counts the trees and adds 
their sectional areas automatically. 

Short legged calipers, named "Dachshunds" by C. A. Schenck, can be 
used for trees the radius of which exceeds the length of the legs. The 
diameter is, in that case, indirectly found by tlie help of the secant joining 
the tips of the l^s» whidi are about 5' long. 

Tree conqtaMM," opening from ^ indies to tbirty-m indie^ ami 
made of nickel-plated steel, cost (at Morley Bros.) $7.50. 'Tree shears** 
(Trt ffiirth) find the angle formed by the ^hrnr leers when pressed ntrninst 
the tree and directly derive therefrom the diameter or the sectional area 
of the tree. 

The "diameter tape" slung around the tree usually yields too large a 
diameter, since die drde emibraoes die maximum of surftce by the min* 
imum of lengdi. 
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The '^iltmore Measuring Stick" can be wdl used in timber cruising. 
It requires the exact adjustment of distance between eye and fist of ob- 
server (usually 26 inches), and gives directly the diameter at the point 
of the stick where the sight line passes the tree tangentially. The stick 
is held horizontally against the tree. 



96-XNCa Bn^TMOKS MSASUUNO SUCK. 



Length on 
the stick. 


Diameter 
with bark. 


Contents of 
butt tog. 


Contents of 
two logs. 


Contents of 
three k»gs. 


2.8" 
5.4" 
7.7'' 
9.1/' 


3" 
6" 

9" 
la" 


Allowing three inches for bark and 
three inch^ for taper, per log; assuming 
th»t all logs are 14' long. 


11.9" 

138" 

15.6" 

17.3" 


15" 

ih" 

21" 
24" 


22 ft. b. m. 

56 " " 
106 " " 
171 " 


29 ft. b. ra. 
78 " " 

162 " " 

277 " " 


39 ft. b. m. 
85 " " 
184 " " 

333 " 


18.9" 
20.4" 

21-9" 

a3-3" 




253 ** " 
330 " " 
463 " 

591 " " 


424 - 

603 " 
813 
1054 " " 


530 " ;; 

774 " • 
to66 " 

1404 " " 



Mr. Sncad recommends to measure the circumference outside the batk 

at the big end and to divide the result by 4. He claims that the quotient 

yieM=^ the diameter at the small end inside bark in such a way as to offset 
mistakes made by Doyle, who under estimates small logs and over-esti- 
mates big logs. Snead's suggestion is good, provided, that the cross sec- 
tion of the log is fairly circular, and that the difference between the small 
diameter inside bark at the small end and the big diameter outside bark 
at the big end, amounts to about 7 inches. 



Diameter at small end 
laskle bark. 


Contents of 16 foot logs, in feet b.m. 


Doyle. 


Snead. 


Actual saw cut. 


2 • 

j» r 

3S " 

* 


lar 
356' 

441' 

676' 
961' 


81' 
169^ 
289' 

441' 
625* 
841' 


70^ 
.57; 

279 

628" 



The multiples of sectional area (derived from tiie diameter in inches, 
bot expressed in square feet) by length of log are readily obtained from 
cylinder tables published by various authors. The log scale or tog rule 
used by the lumbermen (Lufkin rule) gives at a glance the contents of 
logs 8 to ao feet long^ according to their diameter. 
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PARAGRAPH XV. 

UKITS or LOG MRASUnUBNT IN THB UNRBD 8TA1BS. 

The units of log measurement used in the United States dtflFer greatly. 
Graves' Handbook gives 43 "rules/' The rales can be subdivided into 
three main grops: 

Board feet group (Par. XVI.) ; 
Standard log group (Par. XVU.) ; 
Artificial cubic foot group (Par. XVIII.). 

PARAGRAPH XVI. 

BQAID-SUUES. 

A foot board measure is a superficial foot one inch thicks in boards one 

inch or more in thickness. It is a superficial foot, irrespective of thick« 

ncss, in boards less than one inch in thickness. 

The "board rules" merely guess at the number of feet board measure 
obtainable from logs of a given diameter. Tlie guiss is based upon 
either grapiiical considerations, circles of specified diameters being sub* 
divided into paralldogrsms 1% inch diick (diagram method), or dse 
on matfaematical considerations, with a view to the fact that a cubic foot 
of timber should theoretically yidd 13 board feet of lumber, whilst the 
actual loss for slab, saw kerf, etc.. will reduce the output by 30% to 
50%. In tlie Biltmorc band saw mill, by over one tliousand tests, the 
actual loss for logs 12 inches to 40 inches in diameter has been found to 
amount to 30%, or close to 1/3. Consequently, it is safe to say that the 
band saw obtains from a cubic foot of log 8 board feet of lumber. 

The number of board feet which a log actually yields depends on: 

1. The actual cubic volume of a cylinder having the length and small- 
est diameter inside bark of the log. 

2. The defects of tiie log (heart rot, wind shake, bad knots» crooks), 
whtdi are usually eliminated by edger or trimmer. 

3. The gauge of the saw, on which the saw kerf depends. The kerf 
of band saws amounts to K inch, of circular saws to usually % inch, of 
inserted tooth saws (of large diameter) to ^ inch, of resaws to 1/16 
inch. 

4. The exactness of tiie work, especially depending on trueness of saw, 
proper lining of saw and sawyer's skill; further, on the exactness of the 
setworks. 

5. The thickness of boards obtained ; the minimum width of boards 
permitted ; the amount of lumber wasted in the slabs ; shrinkage in drying. 

The following tabic compares the contents of lo^s in cubic feet with 
their contents in feet board measure as found by C. A. Schcnck through 
a tfiousand tests of actual yield in ydlow poplar, as given by Doyle's 
rule and by Lumberman's Favorite rule. 

The figures given in columns c, f and i show the contents of a 
log in feet board measure after Schenck's findings, Doyle's and Favorite 
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roles. They are converted into cubic feet (columns d, g; and j) Iqr divid- 
ing by 12. The loss incurred in sawing is shown by percentages (col- 
umns e, h, k) representing the ratio between the actual cubic con- 
tents of a log (as given in column b), and the cubic contents of inch 
boards (columns d, g, j) obtained from such log. 

It will be observed that ^ loss m tfie actual yield aeeorduig lo SAendc 
forms a nearly Constant proportion of the cubic contents of a log tn the 
case of all diameters, whilst, according to Doyle's and Favorite rules, the 
figures of loss vary greatly. 

The table refers to logs 12' long sawed into i-inch boards. 



Diameto' 




Schcnck. 


Doyle. 


Favorite. 
























l*og. 


reel. 


reet 


Cubic 


Loss 


reet 


V.UD1C 


Loss 


reet 




Loss 




D. m. 


Feet. 




D. m. 


reet. 


% 


b. m. 


Feet. 


/• 


■* 


0. 


c. 




e. 


t 
1. 


g- 


n. 


• 

1. 


J- 


K. 


0 

0 


4-2 








12 


0.9 


76 








9 


5-3 








19 


1 .6 


70 


























ID 


0.5 








27 


2.3 


65 




















11 


0 . 0 








37 


3 » 


61 








1 3 


9 4 


78 


6.5 


31 


48 


4.0 


57 


49 


41 


56 


J3 


X 1 .0 


96 


So 


27 


61 


51 


54 


62 


5.2 


53 


«4 


ft 

13. 0 


113 


9 3 


27 


75 


6.3 


51 


74 


0.3 


52 


15 


14-7 


129 


10.7 


27 


91 


7.6 


48 


90 


75 


49 


10 


10 . 0 


146 


12.2 


27 


108 


9.0 


46 


107 


8.9 


46 


17 


lo . 9 




v ^ f 

»3- 5 


29 


127 


IIJ . D 


44 


T e 


\\> . 4 


45 


18 


21 . 2 


180 


150 


29 


147 


12.3 


42 


148 


12.3 


42 


10 

*y 




197 


16.4 


30 


169 


14.1 


40 


170 


14.2 


39 


90 


36.3 


213 


17 7 


32 


192 


. 16.0 


39 


186 


15 5 


41 


21 


28.9 


230 


19 2 


34 


217 


18.1 


37 


214 


17.8 


38 


22 


31.7 


248 


20.7 


35 


243 


20. 3 


■^6 


243 


20.3 


36 


23 


34 6 


366 


32.3 


36 


271 


22 6 


35 


268 


22.3 


36 


«4 


37-7 


298 


24.8 


34 


300 


25 0 


33 


294 


24 5 


35 


as 


40.9 


33' 


27.6 


32 


331 


27 .6 


32 


^26 


27 . 2 


33 


36 


44-2 


362 


30 ■ 2 


32 


363 


30.3 


31 


3.58 


2Q.8 


33 


27 


47 7 


394 


32 9 


31 


397 


33 I 


30 


3f>o 


3-2 5 


32 


28 


51-3 


422 


35 2 


31 


432 


36 0 


30 


422 


35 2 


3> 


79 


55 0 


456 


38 0 


31 


469 


.39 I 


29 


448 


37 3 


32 


30 


58.9 


488 


40 7 


31 


507 


42 3 


28 


474 


39 5 


33 


31 


62.9 


518 


43 2 


31 


547 


45 6 


27 


509 


42.4 


33 


3S 


67 .0 


556 


46 3 


3» 


5S8 


49 0 


27 


544 


45 3 


32 


33 


71 ^ 


596 


49 7 


30 






26 


589 


49.1 


3» 


34 


75 7 


634 


52 8 


30 


675 


56.3 


26 


634 


52.8 


30 


35 


80. 3 


670 


55« 


30 


721 


60. 1 


25 


662 


55-2 


31 


36 


84 8 


710 


59 2 


30 


768 


64 0 


25 


690 


57-5 


32 


37 


89.6 


755 


62.9 


30 


817 


68. I 


24 


734 


61 . 2 


32 


38 


94 5 


806 


66.7 


29 


867 


72 3 


23 


778 


64.8 


3« 


39 


99 5 


850 


70.8 


29 


910 


75.8 


24 


824 


68.7 


31 


40 


104.7 


901 


75.0 


38 


973 


81.0 


33 


870 


73.5 


3« 



From column e it is evident that the handsaw wastes close to 1/3 
of the cubic contents of a cylindrical log, or 4' b. m. out of every cubic 
foot 

Consequently, from hardwood logs la feet to 16 £eet long^ the band- 
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saw will obtain the foUowing actwU number of feet b. n. (in 4/4' 
thickness) : 

(a) from 18 foot loga: '—^ , almoat oqml to D"X.5 

D* X 0.78 X 14 X 8 

(b) from 14 loot \o«&'. : , almost equal to D'X-6 

144 

T)* X 078 X l^X 8 
(0) from 16 foot logs; * almobt equal to D*X.7 

Hence it can be atated generally, for logs of medium length "U** that 
their contents in band-sawed inch lumber a|»proximate 

— X feet b. m. 
10 8 



PARAGRAPH XVII. 

STANDABD RULES. 

The standard rules do not estimate die oootents of a log according to 
ou^Hit in board feet, but compare the log with a local average log. Such 

av^rape logs used tn have, in the Nnrtbcn'^t, formerly, a diameter of 
cither 19 inches ( Adirondacks) or 22 inches (Saratiac River) or 24 
inches, and were in all cases 13 feet long. 

The 19 inch standard log rule is known as Dimick's rule. Here die 
''standard'* or "market" is a log 13 feet long and 19 indies tiiidc On a 
22 mch base it is 13 feet long and 33 inches thick. On a 24 inch base 
it is 13 feet long and 24 inches tiiidc 

The standard contents of a given log are found by dividing the cubic 
volume of the standard log into the cubic volume of tlie given log. 

d' X h 

▼ (in atandards) equalu: 

X IS 

Scientifically and mathematically the standard ndes are superior to 
the board rules. One market, at a 19 inch base, is generally considrrcd 
equivalent to 200 board feet; at a 2a inch base, to 250 board feet; at a 
24 inch base, to 300 board feet. 

It is easily shown that the output of small logs is not as badly under- 
estimated, and the output of big logs not as badly over-estimated on the 
basis of standard rules, as is tiie case when Doyle's rule alone is applied. 



PARAGRAPH XVIII. 

FOOT-KULES. 

In a third group of rules, a new unit« the "artificial cubic foot," is 
introduced. This fjjoup of rules i.s established by law in Maine and New 
Hampshire. (See Graves' Handbook, page 45.) 
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The artifida] cnbie foot corratpoiMb with a log u inciics long and 

l6 inches thick, which naturally contains 14 cubic feet The rule as- 
sumes that 40/140 or a&5^ of a log goes to waste in the sawing process 

as dust or slab. 

To quickly transform artificial cubic feet into board feet, the laws pre- 
scribe certain arbitrary equivalents, instead of allowing 12 board feet 
to equal one artificial cubic foot of timber. In New Hampshire, 10 board 
leet equal one aitifidal cubic foot In Maine^ IX.5 board feet equal one 
cubic foot The rales might be used in connection with a cylinder table, 
deducting 28 5% from the taUe data and multifdytng the remainder by 
20 or by 1 1.5. 

SllCASx: According to tfie Forest Reserve Manual, logs Over 24 leet 
long aro treated as 16 foot logs and fractions thereol 



PARAGRAPH XIX. 
IQUIVACKIVTS. 

One cubic meter equals 35^16 feet or 1.906 cubic yards. 

i,OG0 board feet of sawn lumber, i inch and more tfiidc, correq»ond 

with 2.36 cubic meters of sawn lumber. 

A product of one cubic meter per bectar (2}<a acres) equals a product 
of 14 cubic feet per acre. 

One gallon equals 231 cubic inches in liquid measure, or 26S.8 cubic 
inches in dry measure (whidi is also ^ pedc). 

One liter equals IJO^ quarts; one cubic foot equals 7.4805 gallons 
or a6L3 liters. 

Logs yiddiog when split one cord of wood, will yield* when sawn: 



Por log diameta*: 


Pbet board meaa 


wi«: 


«/' 

2S" 

30" 

35" 
40" 


sis' 
566' 

605' 
639^ 
649' 



The Forest Reserve Manual adopts / cords as equivalent to x,ooo cubic 
feet bu ni.» provided that the wood is split from timber 10 inches in diam- 
eter and over. 
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Tabu Soowiko Rblaiivb Comtbwts of Loos Wiraotnr Bakz. 



Log diameter. 


S" 




15" 


20" 


25" 


30" 


I cubic foot equals ft. b. m. Doyle 
I cubic meter per hectar corre- 
sponds with It. b.m. Doyle per 




4.12 


6.2 


7-3 


8.09 


8.64 






















57 68 


86.8 


102.2 


113 26 


120.96 


I cubic meter of log yields ft. b. 






44.8 


1455 


218.3 


258.8 


285.7 


303 7 


xooo ft. D. m. Doyle equal cubic 








ft: 


787.4 


242.7 


161. 8 


136.4 


123.6 


116. 3 




looo ft. b. m. Doyle equal cubic 






meters 




6.87 


4-39 


3 86 


3 5 


3 29 






Artificial cubic feet per i f t . of log 
No. of legal N. H. feet b. m. j)er 




•4 


9 


1.56 


3.45 


3.51 








I ft of lf)g: 




4- 


9- 


15.6 


24 5 


35 I 












a. 3 


7-5 


16, 


27.5 


42.5 









PARAGRAPH XX. 

XYLOlfinaC MITHOD. 

The so-called "physical methods," by which tfie volume of a (fiartk- 
ularly irregular) piece of a tree may be aocuratdy found, require either 
the submersion of the piece in water (xylomctric method) or the weigh- 
ing of the piece after finding its specific gravity (hydrostatic method, 

§XXI.). 

The xylometric method can be applied in three waya» tfius: 

a. Submerge the wood in a graded cylinder partly filled witii water 
and find the water level before and after submersion. 

b. Submerge the wood in a barrel partly filled with water; dip out 
the water with a gallon measure until the water is as low as it was before 
submersion. The number of gallons dipped out equals the volume of 
tiie wood submerged. One gallon equals 331 cubic indies. 

c. Phice a piece of wood in an empty barrel of known contents; fill 
to the rim with water by the gallon. The difference between tiie known 
contents and the number of gallms required g^ves the quantity of wood 
in gallons. 

In a, b and c it is necessary to use wood dry on the outside, to leave 
die wood in Uie water a short time only, and to stir it up whUe hi the 
water so as to remove air bubbles. 

PARAGRAPH XXI. 

HYDROSTATIC METHOD. 

The hydrostatic method deals with specific gravities. Specific gravity 
is weight of an object divided by the weight of an equal volume of 
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water. In the metric system, it equals weight in kilograms over cohe- 
dedmeters of volume. The specific gravity is lomid fay weighing a given 
body, and then wdg^ng it again imniened in water. It equals weight 

oiu-^ulr water over loss of weight submercfed in water. The division of 
the metric weight of a large body by the specfic gravity of a sample piece 
yields the volume of the body in cubic decimeters. 

Since wood is lif^ter than water, usually, a piece of lead must be 
attached to the wood m order to submerge it There must be ascer- 
tained: 

I. The absolute weight of the piece of lead, H; 

3. The weifi^t of the same piece sulmierged in water, h; 

3. The absolute weij^t of tiie wood and of ^e lead, G; 

4. The weight of wood and lead submerged in water, g. 

The weight of tfie wood alone is, consequently, (G — H). 
The qtedfic gravity of tiie wood is 

■"(O-g)-(H-h) 

The volume, in cubic feet, of a quantity of wood weighing « pounds, 
and having the specific gravity s, is 

n 1 IRn 
volume = — X — = 

8 63 1000s 

The 6gure 63 represents the weight in pounds of one cubic foot of 
water. 

The specific gravity of wood is greatest close to the stump and in the 
branches. For some species the outer layers show the greatest specific 
gravity; for others tiie inner layers. 



Species. 



White oak. . 

Beech 

Hard maple 
Yellow pme 

Spruce 

White ptne. 



Spec, gravity, 
air dry. 

•75 
.71 

.66 

•52 
•45 
-39 



Weight of lumber per 
sooo ft. b. m. in 1m. 



3900 

3692 
3432 
2704 
2340 

3038 



Weight of one 
cord in lbs. 

3985 
3767 
3510 
2761 

2391 
3069 



Rules to convert specific gravity into weight per 1,000 feet board 
measure or into weight per cord read as follows: 

I. Mttltifdy specific gravity by 5iMX The result is tfie weight of 
lumber per 1,000 feet board measure in pounds. 

z Multiply specific gravity by percentage of solid wood contained in 
a stacked pile; then multiply ^e product by ^osa The result gives the 
weight per cord in pounds. 
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PARAGRAPH XXII. 

FACTORS INFLUENCING Tilt SOLID CONTENTS OF CORDWOOD. 

The solid contents of wood stacks depend on the size an J the form of 
the pieces composinR them and on the method of piling. The solid con- 
tents of a cord can be found only by the methods described in Para- 
graphs XX. and XXL The European experiment stations have oolleeted 
data to that end on a yfxy large scales and have established llie foUowing 
laws: 

tu The bigger the pieces of wood in a stack, the larger are the solid 
omtents of tibe stadc 

h. The longer the pieces of wood, the smaller are die solid contents 
of the stack 

c. Pieces piled parallel and tightly greatly mcrease the solid contents 
of the stack. 

d. During the drying process, hardwoods shrink approximately by 
12%, and soft woods by 9%. The shrinkage is partly offset by the 
cracking of wood. 

These rules are important in the pulp, tanningwood and firewood trade. 

PARAGRAPH XXIII. 
UDuaNG PAcrons foa ooanwooB. 

The countries using the metric system pile wood in space cubk meters. 

One space cubic meter equals JI74 cord. The pieces contained therein 
are feet long. For si^ conditions tiie following figures hold good: 

0. First class split wood, obtained from sound pieces 12 inches in 
diameter, contains per cord 1024 cubic feet of solid wood (reducing fac* 

tor 80%). 

h. Composed of inferior split wood, obtained from round pieces having 
a diameter of 6 inches, a cord contains 96 cubic feet of solid wood (re- 
ducing factor 75%). 

c. In heavy, round branch wood (diameters of about inches) 
87 cubic feet of solid wood are found in a cord (reducing factor 68%). 

d. In round pieces of branch wood, 4 inches in diameter, 77 cubic 
fctt are found in a cord (reducing factor 60%). 

€. In faggots, 25 to 51 cubic feet make a cord (rcducmg factor 20% 
to 40%)- 

The percentages for broad kafed species are smaller than those for 
conifers, owing to the latter's straight growth. 

At Biltmore, one cord of 8 foot split oak contains about flo cuUc feet; 
one cord of Idndling finely split about go cubic feet; one cord of blocks 
la inches long about 100 cubic feet of solid wood. 
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In the sale of tannin «ood it is wdl to sell S foot sticks fineljr split 
rather than heavy blocks 4 feet long. 

In the sale of pulp wood. 12 foot ^t-rV". yield much hifl^er returns than 
4 foot sticks, a sales are made by the cord. 



PARAGRAPH XXIV. 

LOCAL PECVUARITIBS WITH REPBRENCB TO STACKED WOOD. 

Tannin and pulp wood industries someliines figure at a cord containing 
160 stacked cubic feet, equal to ordinary cords of 128 stacked cubic 
feet 

After Gravra (page 65), a cord of firewood is in certain sections under^ 

stood to be 5 feet long, 4 feet high and 6}/^ feet wide. 
Under "a cord foot" is understood a stadc x foot fay 4 feet by 4 feet 

{^A cord or 16 stacked cubic feet). 

Under "a cylindrical foot" is understood a stacked cubic foot equal 
to 1/128 cord. Tiie number of such feet (a misnomer for stacked cubic 
feet) ia a stick is 

5X1 
144 

(/ equals length of stick in feet; d equals its diameter in inches). 

In New Ea^aad, a cord of pulp wood » a om e ti i ntt measured hy 
caliperiug the round sticks composing it, and tables are constructed to 
facilitate calculation. Proceed as follows: 

Ascertain diameter of sticks in inches, square them singly, total the 
results and divide by 144. Multiply the quotient by length of sticks in 
feet and divide by 128. 



PARAGRAPH XXV. 

BAKK. 

Bark is usually sold and bought by the cord. The tanneries, however, 
instead of measuring a cord of 128 cubic feet, apply the misnomer "one 
cord" to a weight of 2,^240 lbs. (the long or European ton). 

Twelve cords of hark fill one common (old) freight car. 

A stack of bark contains from 30% to 40% solid bark. The specific 
gravity of fresh oak bark is 08^4; dried, it is a764. 

The baik of white oak has been found (at Biltniore)^ to comprise: 

In trees 20 years old, 55% of the wood, or 35% of the whole bole; 
In trees <k) years old, 41% of the wood or a8% of the whole bole; 
In trees 100 years old» 29% of the wood or 22% of the whole bole; 
In trees 14D years old, of the wood or Vf% of the whole bole. 



Digitized by Google 



i6 



Fornt Mensuration 



Chettnut oak peeled at Biltmore yields the following results per tree, 
arranged aocordiog to the diameter of the trees feet above ground : 



Diameter of tree 
chest high In Inches. 


Dry Bark in KHognini — eord, per Tree. 


Minimum 


Average. 


Mayimiim. 


6 


s 


X3 


27 

• • 


7 


6 


X7 


36 


8 


8 


'4 


48 


9 


13 


33 


61 


10 


18 




77 


tx 


36 


£ 


95 


IS 


37 


73 


114 


13 


50 


88 


135 


14 


65 


X05 


158 


15 


81 


X36 


180 


x6 


98 


X50 


204 


X7 . 


xx6 


173 


234 


18 


13« 


195 


266 


19 


»59 


324 


3»4 


so 


x8x 


350 


365 


ax 


205 


a7S 


« « * 


as 


330 


305 


• * ■ 


as 


365 


336 


• » • 


34 


37s 


375 


« • « 



If the percentage of bark in a log or tree (scaled with the bark) is 
P, then the bark percentage in ratio to the solid wood alone is: 

100 Xp 

100 — p 

According to thickness of bark and diameter of logs, die followiiig 
percentages can be given for the ratio: 

I bark 

bark plus timber 



Diameter with 


Thickness of baik. 


bark — inches. 


\" 


i" 




3" 


xo 

X5 

20 

25 
30 


19% 

13% 

7% 

6% 


36% 
34% 
19% 
x5% 

13% 


51 % 
36% 

27 Vo 
33% 

X9% 


64% 
46% 

36% 

39% 

34% 
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SECTION II.— VOLUME OF STANDING TREES. 

PARAGRAPH XXVI. 

METHODS OF OBTAINING THE VOLUME OF STANDING TKEES. 

The volume of standing trees may be ascertained 

By estimating it (Par. XXVII.) ; 

By measuring heights and diameters (Par. XXVIII.) ; 
By the form factor method, which combines estimates and meas~ 
ureraents (Par. XXIX. f. f.). 

By tlicse mcanf? can be obtained tbc volume of the bole (from roots to 
top bud), or tlic volume of saw timber in any of the 43 log scales, or 
the volume of iirewood in cords, etc., or the total volume, including brush 
and roots. 

Under "used volume,'* Circular 445 of the United States Bureau of For- 
estry understands the sum of the volumes of logs cut from a tree; under 
"merchantable volume" the total volume of that portbn of the tree which 
is merchahtable under certain conditions. 



PARAGRAPH XXVII. 

BBtl« AMD HIMT8 TO flNl) THB VOLUME OF STANDING TREES. 

It is difficult to estimate the cuImc contents, wood contents or lumber 
contents of a standing tree. In the oue of estimates in board feet, the 
result depends on the exclusion or indosion of crooked and defective 

pieces, on the taper of the bole, on the soundness of the heart, and on 
the minimum diameter admissible in the top log. Compare end of Par* 
agraph XX.XII. 

Most hazardous is the volume estimate of over-aged trees, especially 
in tfie case of hardwoods (chestnut). 
The followuig helps might gui<te the novice: 

I. The voiume of a sound tree bole, in cubic meters, is equal to 

1000 

for example, diameter (breast high) 30 c. m, ; contents 0.9 cubic meters, 
a. The contents of a standing tree, in cubic feet, are about 

10 

for example, diameter (breast high), 35 inches; contents (from butt to 
tip)» 125 cubic feet 

3. The number of feet Doyle m a tall sound tree equal 
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for example* diameter (breast high), ao inches; contents 600 feet board 
measure. 

4. The contents of a toee in feet Doyle approxunate^ assuming Chat 
the bole is cut into 16 foot logs, and that the tree tapers a inches per log: 

NX D(0— ») 

wherdn rqiresents the number of logs obtainable; D the diameter of 
the butt log without baik at breast height 

5. The cordvvood contained in a sound bole is: 

wherein C amounts to: 

1.5 in the case of trees 8* through; 
2.0 in the case of trees 16" through; 
2.5 in the case of trees 24" tlirough. 



PARAGRAPH XXVIII. 

SCISNTIFIC METUUDS OF ASCERTAINING THE CUBIC CONTENTS OP STANDING 

TRBB9 SY VKU MBAStmmmT. 

The cuhic volume of the bole, on the basis of diameter measurement 
and height measurement, in the case of a standing tree, may (with the 
help of climbing iron, ladders, camera or instruments constructed for 
the purpose) be figured out: 

1. According to the formulas of Hossfeldt, Riecke and Simony. In 
this case, the tipper diameters must be measured indirectly. 

2. According to Ruber's and Smalian's formulas, the diameters of 
equal sections of the trees beinsr indirectly measured. 

3. According to Presslcr's fonnuia, which is, for the volume of the 
bole lying between chest hdfl^t and top bud, 2/3 of sectional area "S" 
at chest height times "rectified" height of bole. The rectified hei^t '*f 
is tile distance of chest height from that point of the tree bole which 

has Vi of the chc^t height diameter (from the "guide point"). The 
equation 2/3 r x S holds good for paraboloid, cone and, at a slight mis- 
take, for the neilloid. 

The volume of that part of the tree bole which lies below chest height 
is ascertained (as a cylinder) as being equal to sectional area chest high 
times 4.5. 

Remark: 4.3' is the chest height usually recognized by the authors; 

Pincbot adopts 4.5'. 
The Pressler formula does not hold good for truncated boles. 



Digitizco L , ^ -noafp 



Forest Mensuration 19 
PARAGRAPH XXIX. 

FORM FACTOR METHOD. 

The form factor or form figure method relics on the measurement of 
the sectional area — usually the one at breast height, — the measurement 
or the estimation of the total height and the estimation of the form 
figure. 

The fonn factor is a fraction expmsing the relation between the actual 

contents of a tree, in any unit, and the ideal contents which a tree would 
have if it were carrying its girth (like a cylinder) up to the top bud 

undiminished. 

The form factor may be given in reference to the volume of the entire 
tree, inclusive of branches in cubic feet; or in reference to the volume 
of the bole only; or in reference to the tnerdiantable part of the bole; 
in the latter case either in feet board measure or in standards or in cords. 

Historic Remarks: Some of the older authors on mensuration saw in 
the cone and not in the cylinder tiie ideal form of the tree, basuig their 

form factors on the ideal volume * ^ . 

3 

PARAGRAPH XXX. 

KINDS OP FORM PACTORS If ATBBMATICALLY. 

Scientifically we distinguish between: 

1. The absolute form factors which have reference only to the volume 
standing above chest height Thor can be readily ascertained with the 
help of Pressler's formula. Generally speaking, V equals Sx H x F. 

After Pressler, V equals S x 2/3 x r ; thus \ equals F. 

H 

For the cone the absolute form factor is one-third; for the neilloid 
one-fourth; for the paraboloid one-half, whatever the height of the tree 
may be. Hans Rtenicker, the author of diese form factors, finds for 
trees up to 50 years old a form figure of 35% to 43% (in regular, dense 
German woods) ; in trees 50 to 100 years old, F increases up to 50% ; 
thereafter occurs a slight decrease below 50%. 

2. The normal form factors which were recommended by Smaltaii, 
Pressler and other old-time authors. They have reference to the entire 
volume and nrre<^s?rnte the measurement of the diameter -x given frac- 
tion (usually 1/20) of the total height of the tree. Frctiucntly. in case 
of tall trees, the point of measurement cannot be reached from tlie ground. 
The bole form factor for diameters measured at i/ao of the height is: 
For a paraboloid, asa6; for a cone, 0.369; for a neilloid, 0.293. These 
form factors, like the absolute form factors, art independent of the height. 

3. The so-called "common form foctors" which do not express, as a 
matter of fict, the form of the tree, since they do not bear any direct 
ratio to the degree of the tree curve. They should be termed, more 
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properly, "fedueing factors." These form factors alone are mwaidays 

practically used. They are based on diameter measurements, chest high, 

and have reference not merely to ^hr bole of the tree, but as well to any 
parts of the bole, to root and branch wood, to saw logs, etc. These form 
factors depend entirely on the height. If, for instance, a paraboloid is 
one rod high, the form factor is 0.673; snd if it is 8 rods high, the form 
lactor is o.5i7' 

PARAGRAPH XXXI. 

KINDS or OOICUON FOKM FACTORS IV tUlDKAir ntACtlCIL 

The following kinds of form factors may be distinguished: 
I. Tree form factors. The tree is considered as bole plos bnmches. 
3. Timber form foctcm. The term timber, in Enrape^ indndes all 
parts of the tree having over 3 inches diameter at tfie small end. 

3. Bole form factors. Bole is the central stem from soil to top bud. 
For America, form factors would be of great value ascertained by exact 
measurements and arranged according to diameter, height and smallest 

log diameter used. 

Tables of form factors may be constructed, for instance, for shortleaf 
pine, on the basis of Olmsted's working plan, pages 17-33. 



PtNVS ECHINATA. 



Diameter. 


Merchantable length 


Cubic feet 


Form fig. 


Contents 




of bole. 


Ideal c^lnder. 


b. m. Doyle. 


16" 




50.3 


3.6 


180' 


18" 


4/ 


83.1 


36 


440' 


20" 


1 1 2 . 1 


4.0 


22" 




147-8 


4.0 


600' 


24" 


61' 


18.5 3 


42 


780' 


26" 


2^4 9 


4 4 


980* 


28" 


62' 


263. 1 


4 5 


IfQO' 


30" 




306-7 


46 


1420' 


3^" 


63' 


35» 8 


4-7 




63*6" 
64' 


400.3 


4.8 


1930' 




457-3 


4-9 


S200' 



The influence of age, soil, density of stand, hd^t, diameter and 
species on tiie various form factors, with cubic measure as a basis, has 

not been fully ascertained. 

For the tree form factor, the most important influence, in the case of 
trees less than 150 years old and raised in a close stand, seems to be 
that of the height of the tree; with increasing height the tree form factor 
decreases—^, g., for Yellow Pine: 

One pole high 93 

Two poles high 65 

Four poles high 53 

Six poles high 49 
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The timber form factor, bated on oibk imaitire of a trci^ rises with 
increasing age end increasing hetgfat up to a certain point (for Ydlow 

Pine at 3 poles), provided that the term timber includes all Stuff over 
3 inches in diameter. Tlie timber form factor is a function more of 
the diameter than of the height Timber form factors of Yellow Pine 
are: 

Trees i pole high 07 

Trees 2 poles high 36 

Trees 3 poles high .48 

Trees 4 poles high 46 

Trees 7 poles hi^ 45 

The timber form factor in shade bearers is a little higher than that 
in li^t demanders (witfiin an age limit of 150 years, for trees in dose 
stand). 

The bole form factor can be found, in fact, only for species forming 
a straight bole free from large branches (licnce especially for conifers). 
The bole form factors, to begin with, are large; with increasing height, 
they decrease gradually to a par with the timber form factors — e. g., for 
YcUow Pine: 

1 pole high 70 3 poles high 49 

2 poles high 5s 4 poles hig^ 47 



European common form factors are collected by thousands of measure- 
ments taken in a large variety of localities. It must be remembered tiiat 
a form factor read from a table is never applicable to an individual tree, 
and is only applicable to an average tree animigst thousands. 

For trees less than 120 years old. the branch wood (stuff less than 3 
inches in diameter) comprises from 15% to 28% of the entire tree vol- 
ume; this figure, in the case of broadlcaved species, rises from 25% up 
to 33%. For trees as now logged in America, the brancliwood percentage 
is naturally very much snudler. 



By form height is meant the product of height (total height of tree) 
times form factor, or else diat much of the height of the ideal cylinder 
which the tree volume, poured into the ideal cylinder, would fill. Since 
the form factor on the whole decreases with increasing height, the form 
height is a fairly constant quantity ; at least for trees of merchantable 
size. Hence the helps and bints given in Paragraph XXVII (to quickly 
find tfie volume of standmg trees from mere diameter-measurement) may 



7 poles high 



.45 



The tree form factor equals ^^"""P P'. 
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lay daim to correctness in many cases. For instance; The cubic con- 
tents ol a tree are supposed to be equal to 

y D«X H X F 
144 

After Paragraph XXVII^ 2, these contents are also 

—X !)• 

D« 

-7- — D«X78XHX P 

« 288 

HXP- 87 
7.8 

As a matter of fact, the form hd^t of trees x foot to a feet in diam- 
eter is close to 37. And for such trees the equation holds good. 

The form height may also be defined as "volume (standards, 0Ords» 
barkf etc) per square foot of sectional area chest-high." 



PARAGRAPH XXXII. 

MKANS POK EXACT IIBNSUIATION OP STANDIMG IBBIS. 

The means used to find the exact solid volume of standing trees are 
instruments for measuring the total hesi^t of the merchantable length 
of a tree; instruments for measurii^ the diameter at given heights; fur- 
ther tables based on scientific research and experience, or tables merely 

mc.Tnt to fncilitate calculation. Instruments for measuring diameters far 
above ground are needed for the use of the formulas given by Riecke, 
Hossfcidt, Pressler, etc 
The six paragraphs following next dwell upon tiiese topics. 



PARAGRAPH XXXIII. 

ICBASUUNG THB HBI6HT OP A STANUMG TUB. 

The height of a tree can be measured by comparing its shadow with 
the shadow of a stick, say 10 feet long. The "Lumber and Log Book" 

give«i another old method f page i,'^^) of height mea<;iirement. If the 
observer places himself in such a way that a small pole stands between 
him and the tree at a distance e, and if he marks on the pole two points 
where his sight, directed towards the top and base of the tre^ touches 
the small pole, and if he furUier ascertains the distance £ separating him 
from die tree, then the hei^t of tiie tree H equals 

£ 

~ X h 
e 

wherein h represents the number of feet between the two points marked 
on the pole. 
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Instnmwnts (hypsometen) for hdght measuring are sold in many 
fonns. The following are frequently used: Rudnidea's instrument; Press- 
ler*s **Measuring Jack;" Faustmann's "Mirror Hypsometer ;" Weisc's Tel- 
escope; Koenicr's "Measuring Board;*' Brandis' "Qinometer;" Klausner's 
instrument; Clinsten's "Non plus ultra." 

Compare Woodman's Handbook, pages 136 to 137, for staff method; 
page 138 for Faustmann's; page 140 for tangential clinometer; page 143 
for mirror clinometer. 

dristen's stick is not accurate enough for the measurement of trees 
over 100 feet high. It docs not require the measurement of distances. Its 
form is improved by Pinchot 

PARAGRAPH XXXIV. 

FACTOaS INFLUZMCIlfG THB SXACTNBSS OP HYPSOICSnaCAI. OBSBaVATIOirS. 

The best results are obtained li the distance between tree and observer 
equals the he^t to be measured. In sighting towards the spreading top 
of a hardwood trec^ the observer is apt to overrate the height, the tip 
being buried in the ^reading crown. The line of sight strikes Hkt edge 

of the crown instead of striking the apex of the crown. 

Timber cruisers are usually satisfied to determine the number of logs 
obtainable from the bole instead of determining the length of the bole. 
As a matter of fact, where the tree furnishes saw logs only, the total 
heii^t of the tree is a less rdiabte indicator of the total contents dian 
the length of the merchantable bole. 

Instruments like Faustmann's» Komig's and Pressler's cannot be used 
in windy nnd rainy weather. Den';e tnifforgrowth and dense COVer over- 
head render exact measurement impossible. 

PARAGRAPH XXXV. 

IHUtlCr K BHSintATlON OT DXAIIBIEIS. 

The lolk»wif« instruments are used to measure the diameter of the tree m, 
at any point of bole: 

0. Wiiikler» an addition to Komig's measuring board. 

1^. Klausner. 

e. An ordinary transit 

d. Wimmenauer's tdescope. 

PARAGRAPH XXXVI. 

PKBSSUSfS TSLBSOOPB. 

Pressler's telescope is used to find the "guidepoint" and the "rectified 
height," as defined in Paragraph XXVIIL, 3. The diameter chest-high 
» taken between the nails at the end of the instrument Then the tele- 
scope is pulled out to a length double the origmal, dhrided by the eosin 
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of the angle found between tibc horizon and the probable sight to tiie 
"guidcpoint" (at which the observer expects to find one-half the diameter 
diest-high). Thus, actually, the instrument merely examine* the correct- 
ness of an original estimate. 

The Pressler telescope can be used for finding the merchantable length 
of any bole. Merdy {dace a slide, equal in lenglh to twice the minimum 
diameter permissible in a merchantable log^ at the foot of the tree, catch 
it between the nail points and proceed as described. 

PARAGRAPH XXXVII. 

AUXniAUBS FOR CALCULikTIOK. 

Auxiliaries for calculation are: 

I. Sectional area tables (Schlich, Vol, III.); engineering books like 
Haswell's; Bulletin 20; also Green.) 
a. Ideal cylinder tables (Schltch and Bulletin ao). 

3. Multiplication tables and logari^m'tables. 

4. Tables showing contents of logs in any of the 43 rules, according 
to length and diameter. 



PARAGRAPH XXXVIII. 

TUB VULUMB-TABLBS. 

Tree volume tables have been constructed on a very large scale for the 
leading species in the old country. In the United States, ^e Government 
is now beginning to make such tables. The tables give the cubic, lumber 
and cord wood contents of trees, according to species, diameter and some- 
times according to total height and merchantable height (number of logs). 

Bulletin 36 reprints the following tree volume tables: 
A, According to diameter measure merely. 

Page 90. Adirondadc White Pine, volume in standards. 

Page 94. Pennsylvania Hemlock, volume in feet, b. m., Scribner. 

Page 94. Adirondack Hemlock, in standards. 
Page 95. Adirondack Spruce in standards. 

Page 96. Adirondack Birch, Beech, Linden, Sugar Maple in Scribner, 
feet, b. m. 

Page 96. Adirondack Balsam, in standards* 
Page 97> Adirondack White Cedar, in standards. 

Page 98. Arkansas Shortlcaf Pine, in feet, b. m., Doyle. 
«Page 98. Missouri Ash. Elm, Maple. Cypress, Gum, Oak, Hickory, 
Poplar, in feet, b. m.. Doyle. 

Page 99. Western Yellow Pine, in feet, b. m., Doyle (Black Hills), dis- 
tinguishing between the volume of first and second growth. 

Page gp. Yellow Poplar in Pisgah Forest in feet, b. m., Dcqrle, dtfttin- 
guishing between good, average and poor conditions of 

gfOWUL 
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All tables, exo^t Yellow Poplar taUes, are based on tiie measttrancnt 
of a large number of trees* The Yellow Poplar tables are based on stem 
analyses of a small number of trees. 

B* According io mtatwrement of keigkt and diamcUr eombmcd. 

Page 93. Wisconsin White i'mc (iieigiit expressed by ilic nuinber of 
logs obtainable from merchantable bole) in feet, b. m., Doyle, 

Page 103. Adirondack Spruce expressed in feet, b. m., Scribner, the 
total heifi^t of trees being measured. 

Page 104. The same in cubic foct. 

Page 105. The same in cords for pulp wood. 

Page 106. New Hampshire Spruce in feet, b. m., in Ncw Hampslure 

cubic feet sanctioned by law. 
Pages loB and iix. Adiioadack White Pine with baric^ expressed in 

cttbic feet 

Page iia Adirondack White Pine in feet, b. m., Doyle. 

Monographic investigation into tiie growth of the leading American spe- 
cies is of great importance. The trees of virgin forests are very defective, 
however, and tree tables can never be constructed giving the contents of 
defective trees. 

SECTION III.— VOLUME OF FORESTS. 
PARAGRAPH XXXIX. 

SYNOPSIS OF METHODS FOR ASCERTAINING THE VOLUME OF FORESTS. 

The methods used to Hnd the volumes of entire forests, of forest com- 
partments, tracts, quarter sections, coves, etc, are: 

1. Estimating (Par. XL.). 

2. Exact calculation after measurements (Par. XLI., f. f), 

3. Q>mbined measuring and estimating (Par. IL,, f. f.). 

Obviously, measurini^r without estimation is possible only in forests con- 
taining little unsound timber. 

PARAGRAPH XL. 

ESTIMATION OF FOREST VOLUME. 

In primeval woods, wlicre a few assortments only are salable and where 
stumpage is cheap, the estimation of stumpagc necessarily takes the place 
of the measurement. If any measurements are taken, they are merely 
meant to back the estimation of the cruiser. The more defective the trees 
are, the more preferable is judgment and local long experience in the mill 
and in Uie woods on tiie side of die cruiser to mere measuring. 
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The volume of a wood is aacertained fay cnttsen' estimates in the lol- 
lowing ways: 

a. By esttmating the nmnber of trees and the votiime of the average 

tree with due allowance for defects. 

b. By counting the trees and estimating the volume of average trees 

with allowance for defects. 

c. By estimating the volume of each tree separately, sounding it with 

an axe^ when necessary, and judging its soundness from all 
sides. 

The above methods (a, b, c) are applied either to sample plots or to 
sample strips or to the entire area. 

A Uazing hammer is often used to prevent duplication; tiie revolvhtg 
numbering hammer might be used in case of scattering trees, so as to 
allow of control of the e<;timates by the owner* his forester or the pros- 
pective purchaser of stumpage. 

In irregular forests — hardwood forests of the United States — the only 
safe way is separate estimating of each individual tree after careful in- 
specting. Incredible errors result from wholesale and rapid estimates. 

In the case of even aged woods, a look at the height growth and a 
knowledge of the age gives a good idea of the forest's volume. Under 
very poor conditions of growth, the annual timber production per acre 
and year is as little as 15 cubic feet; under the bc^t conditions it is as 
much as 250 cubic feet per acre and year. On an average (on absolute 
forest soil), 50 cubic feet per acre and year may be considered as tiie 
production of hcaltiiy and densdy stocked forests. 

PARAGRAPH XLI. 

FRINCIPU8 UNOBBLYING TBI BXACT MBNSURATION OF VOUST VQUJKB. 

The basis of any exact measurement of volume is formed by a survey 
of the sectional area, comhmed witii an account of the number of stems; 
sectional area and number are found by calipering (valuation survey). 

Whatever rule of log measurement may be at stake* the total sectional 

area of the forest is always of first importance for a survey of forest 
volume. Next in importance is the calipering of sample trcc^, followed 
by an exact survey of their volume. The ratio r existing between the 
volume of the sample trees (expressed in any unit or mixture of units) 
and tiie sectional area of the sample trees is identical with tiie form 
height (compare Far. XXXII., towards end) of the sample trees. The 
form height of sample trees properly selected is the form height of tiie 
forest. The sample trees are u<;ually cut and worked up into logs, oord- 
wood, tannin wood, etc., for the purpose of volimie survey. 
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If fhe trees of tbc forest are defective^ the sample trees sboald ekhiliit 
avenge defects. 

PARAGRAPH XUL 

FIELD WOBK FOB BXACT VALUATION SURVEYS. 

The valuation survey requires: 

I. Calipering of all trees; the diameter is taken in inches or in multi- 
ples of inches. Each species and each height class or age class are or 
may be taken separately. 

3. Entering the takings on tally sheets, arranged as follows : 



1 

Diameter. 


Spruce. 


Beech. 


Height daases. 


Height ciasaes. 




I 


II 


I 


II 


10" 










u" 










la" 










ly 
etc. 











The larger tlie trees are, the bigger is the permissible interval of 
calipering. If trees average two feet in diameter, an interval of 3 inches 
is permissible, provided that a large number of trees are calipcrcd. 

It is a strange fact that the diameter measured from east to west is 
larger on die wiide tiun the diameter from nordi to south. 



PARAGRAPH XUIL 

BASAL ASSUMPTIONS. 

The only assumption made in calculating the volume of the forest after 
Paragraph XLI. is that the form height of the sample trees equals the 
form height of the forest No other estimate or assunqition is being 
made. This premise is much safer than the assumption that the volume 

of the forest bears the same ratio to the volume of the sample trees 
which the number of trees in the forest bears to the number of the sample 
trees. More unsafe is the assumption that the volumes of forest and 
sample trees bear the ratio of the acreage occupied by the forest on the 
one hand and by the sample trees on Ihe other hand. 
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PARAGRAPH XLIV. 

SELECTION OF SAMFLE TXEE&. 

Sample trees are selected either irregularly or after a regular plan. In 
the latter case, it is best to distribute them equally among the diameter 

classes composing the forest (Draudt-Urich method and Robert Uartig 
nicthod), instead of selecting sample trees of average diamelcr. 

It is more important that the sample trees should have proper average 
class-form height (and average defects) than that th^r should have exact 
average dass^diamctcn. 

PARAGRAPH XLV. 

DRAUDT-UaiCH MSTHOD. 

The Draudt Uridi method is in common use abroad for measuring 

the forest. The trees of the forest are divided into a number of classes 
(usually five). Each class contains an equal number of trees, class i 
containing the larj^est and class 5 the smallest trees. In each class an 
equal number oi sample trees, having about tlie average diameter oi the 
daa^ are felled and worked up into logs, cordwood, ties, poles, etc. The 
fmrm height of all sample trees is obtained as tfie quotient of their votume 
(in any unit or mixture of units) divided by their sectional area. Mul- 
tiplying the sectional area of the forest with this form height, the exact 
volume of the entire forest and its composition (logs, poles, cords, etc.) 
arc given by one operation. 

Sample trees of the average diameter of a class arc found by dividing 
the sectional area of the entire dass by the number of trees per dass. It 
is wrong to find the average diameter by dividing the sum total of the 
diameters by the number of trees. 
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The advantages of die Diaudt-Uridi meAod are: 

1. All sample trees can be worked up in a bunch. 

2. Not only the entire volume but as well the different grades of tim- 
ber* fuel, ties, etc, composing the volume are found by one operation. 

A large number of sample trees are, however, required, and, since tiie 
volumes of the Tarious cbsses are unequal, a negative mistake made in 
establishing the volume of one class is not apt to be counter>balanced hj 
a positiTe mistake made in finding tfie volume of another class. 

PARAGRAPH XLVI. 

■OBEBT HAanC METHOD. 

Robert Hartigi^'s method forms tree classes containing equal sectional 
areas — not equal numbers of trees. An equal number of sample trees is 
cut in each class and worked up separately for each class. The volume 
of die forest is also obtained sepurateljr for each class. Otherwise* the 

manner of proceeding is identical witii that of Paragraph XLV. 

Preferable it would seem to cut in each class a number of sample trees 
having, in the aggregate, the same sectional area. This scheme, how- 
ever, would represent the big-diameter class by an absurdly small num- 
ber of samples. 

PARAGRAPH XLVIT. 

AVERAGE SAMPLE TR££ UETHOOl. 

If average trees of the entire forrst arc taken as samples, then the 
volume of ilu' forest is obtained with smaller accuracy. 

The proportion which the different assortments of timber, wood, bark, 
etc, form in the entire output is not clearly shown by such sampling. 

In a normal, even-agol wood die tree of average cubic volume is found 
bj deducting 40% from the total sectional area, beginning with the de- 
duction at the biggest end. The largest tree then left is, or happens to 
be, the average tree of ttie wood. *' 

PARAGRAPH XLVUI. 

IXACT MlNSUtATlON WITHOUT CUTTING SAlIKLE TUBS. 

Frequently tfie cutting of sample trees for the purpose of a valuation 
survey is not feasible. The volume of tiie forest in cubic feet'-but not 
die assortments composing the volume-nnay tfien be ascertained as fol- 
lows: 

a. Take the total sectional area of tiie forest according to diameters 
and spedes and, if necessary, according to heig|ht classes. 

h. Ascertain the bole volume of some availaUe trees with the hdp of 
Presslei^s tube or by indirect measurement of heii^ts and diameters. 
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c. Proceed as indicated in the last three paragraphs, keeping in mind, 
however, that only th? cubic volume of the holes is thus obtainable. The 
branch-wood-percentagc or the timber-percentage of the bole must be 
estimated. 

The Ilartig method (Paragraph XLVI.) might be combined with the 
use of Pressler's telescope, and the bole volume of a wood above breast 
height mi|^t be ascertained as 3/3 of the total sectional area of the 
forest, multiplied by the arithmetical mean of tiie rectified heights of 
the sample trees representing the various diameter classes. 

V 1 V 8 (f I + r« + fi ^4 + r») 
I ^ 5 

The bole volume below breast height in cubic feet is equal to the 
sectional area of the wood times 4^. 

PARAGRAPH XLIX. 

COMBINED MEASURING AND ESTlMATtNG. 

If measuring and estimating are combined, the following typical meth- 
ods may be used to ascertain the volume of woods; 

1. The form factor method (Paragraph L.). 
3. The form height method (Paragraph LI), 

3. The volume table method C Paragraph LIL). 

4. The yield table method (Paragraph LI II.). 

These methods might be used in connection with the so-called "dis- 
tance figure" of Paragraph LIV. 

In applying these methods* out or the oAer of the three fiictors of 
volume (sectional area, height and form factor) are obtained by estima- 
tion. 

The paragraphs following Paragraph LVIII. give a number of methods 
practically used and also based on combined measuring and estimating. 

PARAGRAPH L. 

voKit FAcroa MKiaoo. 

The form factor mediod ascertains the sectional area by cal^^rittg^ 
according to species, and* if necessary, according to height classes. The 
average height of the wood (by species, classes) is obtained by actual 
hypsometric measurement The form factor is read from local form 

factor tables. 

The average height is obtained — not as the aritlimetic niean of a num- 
ber of heights measured, but much more— correctly from the ratio exist< 
ing between the sum total of tiie ideal cylinders and tfie sum total of 
the sectional areas of the trees hypsometrically measured. The form 
factors appearing in form factor tables must be averages obtained by 
many hundreds of local measurements. 
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Mistakes amounting to up to 25% in the sum total of the volume 
obtained by the form factor method are not impossible, since average 
form factors appearing from a form factor table are often at variance 
with tlie actual form factor. 

Fonn Ikctor tables for American "second growA" are still lacking. In 
primeval woods the form factor method seems out of place. 

PARAGRAPH LI. 

VORll BnCHT MITHOD. 

The form heights of merchantable trees are, generally speaking, sub- 
ject to only small variations. Those, g.« lor Adirondack White Fine 
scaling from z8* to 36* in diameter breast-high are (for standard rule) 

close to 1.25. 

Multiplying the sectional area of a White Pine woodlot (say 100 cqiiare 
feet) by the form height previous! v obtained throuf?h official measure- 
ments (like those by T. H. Sherrard), the volume of the woodlot — in 
the present example about 135 standards— is easily obtained. 

Form height tables based on feet Ik m., Doyl^ are not as simple as 
tiiose based on tfie standard rules and cubic foot rules, owing to the 
mathematical inaccurary of Doyle's rule, which causes the form heights 
to be pre-eminently dependent on the diameters. 

Form height tables should be constructed for the leading merchantable 
species in the United States. Of course, such tables are more readily 
applicaUe to second growdi tiian to first growUi. 

The form hdi^t tables should exhibit the number of standards, cords, 
ties, etc., obtainable per square foot of sectional area in each diameter 
class. In ra«e of Hefective trees, proper allowance must be made for 
defects — rather a hazardous risk in primeval hardwoods. 

PARAGRAPH LII. 

VOLUME TABLE METHOD. 

In Paragraph XXXVIII. a number of volume tables have been enum- 
erated, from which the volume of trees of given species and diameter 
(and height) can be readily read. 

A valuation survey of tiie forest (or of a woodlot or of a sample plot) 
yields tiie diameters of the trees stocking thereon. The numbM* of 
trees found for each diameter class is miritiplied by the contents of a 
tree of that diameter appearing from the volume table. The sum total 
of the multiples is the sum total of the volume of the forest 
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96.200 






28.350 






72.030 



Gnmd total 196.580^ B. M. 



The volumes of the column "Average Volume" are taken from tablM 
published by the Bureau of Forestry, 

PARAGRAPH Ufl. 

YIELD TABLE METHOD. 

All over Europe local yield tables are used to quickly ascertain the 
volume of pure, sound, even aged woods. For America, such yield tables 
— normal local yield tables — exist only in the white pine tables given in 
Piiichot and Graves' pamphlet, "The White Pine." 

The mediod of constructioa of yield tables appears inm Paragraph 
XCII. and following. 

Under yield tables are understood "acre-volume-tables," whilst ttnder 
volume tables are understood "irce-yield-tablcs." 

Normal yield tables specify the age of even aged and pure woods, the 
height of such woods and the volume (by assortment) of such woods, 
according to the productiveness of the soil. An indication for the latter 
is found in the height growth. 

Such yield taUes hold good only for woodlots normally stocked. A 
woodlot is normally stocked "when all local factors of wood production 
have pronounced themselves unhampered in the annual production of 
fibre." Normal woods, even of small extent, are extremely rare. In Ger- 
many the average wood lacks 259^ of being normal. Since the normal 
yield tables give the yield for normal conditions only, a deduction must 
be made from the volume indicated by tfie yidd table when applied to 
a given woodlot, according to the abnormality of the same. 

Proceed as follows: 



...... ^le 



Farsst Minsuratim 



33 



Ascertain age and aveiage height of the trees; find tiie ytdd table 
which gives a similar height for the same age; reduce the volume indi- 
cated by ^is y><^ld table and for this ag^ by estimating the deficiency of 

the growing stock. 

Ohviously, there is mtich room for guessing, since neither Iioight nor 
form tigtire nor sectional area in woodlots abnormally stocked can lay 
daim to normali^. 

Scfaubei]g, denying a truism otherwise generally adcnowlec^d, claims 
that the hei^t alone doc^ not indicate the productiveness of the soil. 

At i»resent, normal yield tables are of little use in American forestry. 



PARAGRAPH UV. 

DISTANCE fIGUtB. 

Under "distance figure," an invention of Koenig's, is nnderstood the 
quotient a formed by the side / of the average growing space of a tree 
(considered as a square) and by the diameter of die average stem d, 

1 

The average distance from tree to tree and the average diameter of a 
number of trees is obtained a number of measurements in the forest 
If the area of the forest is F square fee^ dien the sectional area of the 
forest is 

w P , , 

— — - X "7 square feet 
4 a* 

The actual test proves the fallacy of Koenig's assumptions. The ex< 
planation lies in die fact that the average diameter of a wood is not the 
arithmetical mean of the diaoK^ers composing it Further, the growing 

space of a tree is not a square. 

The actual growini? space per tree can be correctly ascertained by laying 
a sample strip through the forest, counting at the same tune the trees 
within the strip. The sectional area of the fomt is obtainable, however, 
without greater trouble and with much greater accuracy, from die pro^ 
duct calipered sectional area of trees in the sample strip times area of the 
forest over area of the sample strip. 

On an acre of average fsoil, there is on an average room for the £ol» 
lowing numbers of healthy trees, according to age: 

At 20 years i,i6dd specimens. 

At 50 years 600 specimens. 

At 100 years 240 specimens. 

At 150 years 150 specimens. 
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PARAGRAPH LV. 

algon's UN nrnsAL voLum tabu». 

So-called "ttnivenal volume tables*' have been ooostructed by H. Algum* 
a Frendiman. For a deacrqition of diese tables see 'Indiaii Forester" 
of Juhr, igoa. 

The volumes given for each diameter of trees, whatever the ^eeies b^ 
are presented on a number of tables as follows: ^ 



Volume in Cubic Feet. 



Diameter. 


Table i. 
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Tkble 10. 


Table is. 
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2 . 


3- 
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78. 
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138. 
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27" 


72. 


107. 


147. 


188. 
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30" 


87. 


129. 


177. 


328. 


376. 


33" 


Ill . 


163. 


221 . 


388. 


349. 


3fi^' 


129. 


189. 


as8. 


333- 


40s. 



The tables are used as follows: 

1. Caliper the entire forest according to diameters and species. 

2. Measure a number of typt trees, selected at random, after Idluig 
them. 

3. FiaA diat volume taUe amongst the ao tables given whtdi best cor- 
re^onds with the diameters and volanMS of tiie type trees. Apply tibe 
volume table, which is found to be the proper one* to all diameter dasscs 
calipered in the woods. 

Objections to the method are: 

o. The danger of mistakes is very great In all absolutdy even aged 
wood, one tree of 15 indies diameter may easily show 50% more vdunw 
than another tree of the same diameter, the latter being more tapering 

and shorter. 

b. In an uneven aged wood the tables are necessarily wrong because 
the form height is a function of age as well as of hei|^t and diameter. 

c. The method does not give any idea of the proportion of logs, fuel, 
bark, etc 

Algon calls these tables "unhmal" assuming that th^ hold good for 
all species of the universe. 
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• PARAGRAPH LVI. 

schenck's graphic method. 

This method, as well, can be n^ed only for SOUnd WOOds. No calcu- 
Ution is required. The procedure is: 

1. Caliper the whole wood. 

2. Cut sample or type trees of small, big ;i!id average diameters, find 
the contents of each tree separately, together with the composition of 
contents as logs, fuel and bark. 

3. On a piece of cross section pqicr, use as immy units along a hori- 
lOnta] line as there arc trees (or tens or hundreds of trees) caUpered. 

4. Mark the unit which each sample tree, according to its diameter, 
would occupy if thr biggest tree were placed to the right and the smallest 
to the left of the horizontal line. 

5. Enter over the marked units the volume of the type trees (accord- 
ing to the composing factors, if required) in square units. A square unit 
ntis^t correspond with ten feet board measure, or witii i/ioo of a cord* 
etc. 

6. Draw a line joining the ends of the columns, adjusting it by an 

average curve. 

7. Measure the space (in square units) between the cnrvf ?ind the 
horizontal line with the help of a planimeter; the number of square units 
giving directly the number of feet Doyle, or of cords, etc. 

If there are several assortments of volumes, several curves must be 
drawn. This method allows of separating the volumes of trees allotted 
to the several diameter classes. Mathematical errors are, practically, 
excluded. 

PARAGRAPH LVII. 

7ACT0BS GOVKaNlKG THV SmCnOW OF A METHOD OF VALUATIOIT SUIVEY. 

In the case of a valuation survey ("stock taking ; in tiic woods, tlie 
following points must be eoasidered: 

a. The degree of exactness required, which depends on the purpose 
at stake (r. g., scientific investigations, or preparation for logging, or 
taxation). 

h. The regularity, uniformity and soundness of the growing stock. 

c. The minimum diameter of logs; assortments; marketalnlity of spe- 
cies. 

d. The possibility of cutting sample trees. 

e. The expense permissible. 

The question usually arises whether the entire forest or sample plot."; 
only must be surveyed. The answer depends on the configuration oi the 
ground, uniformity of the growing stock as to size, age, species and 
quality of its c o mpon ents; furtiier on tfie value of stumpage, on tiie accn- 
laqr required, on the available tune and on ttie available funds. 
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The following METHODS OF VALUATION SURVEYS miglit be 
distinguished: 

1. Cutting sample frees. 

a. Sample trees selected for about five diameter cla«?ses, each 

class containing about one-lUth of the number of trees pres- 
ent (Draudt-Urich method). 

b. Sample trees selected for about five diameter classes* each 

class containing about one-fifdi of the sectional area of all 
trees present (Robert Hartig method). 

c. Sample trees selected as average-diameter-trees of the entire 

forest (Old Bureau method). 

d. Sample trees selected at random — t'. g., from dead and down 

trees (C A. S. method—- applied in the Balsams; Algon 
Universal tables; Graphic method). 

e. Stem analysis, together with investigations as to fhidoiess of 

bark. 

11- Without cutting sample trees. 

a. Measuring height and diameter and estimating form figure of 

sample trees. 

b. Measuring rectified heights and diameters. 

c. Measuring merely diameters and estimating form heights. 

d. Photographing sample trees, having a scale— say a stick 6 feet 

long— on the picture. 

ITI. With the help of volume tables. 
IV. With the help of yield tables. 



PARAGRAPH LVIII. 

FACTORS INFLUENCING THE SELECTION OF SAMPLE PLOTS. 

4 

If sample plots are taken, tiiere must be determined: 

a. The number, situation and distribution of the sample plots. 

b. The absolute and relative size of the sample plots. The Bureau of 
Forestry prescribes nmple plots equalling from i to 4^% of the forest 
The "Forest Reserve Manual*' prescribes 5% or more. 

c. The form of the sample plots and tite manner by whidi die size of 
the sample plot is ascertained. 

In Europe an ordinary workman calipers, on an average, 5,000 trees 
(in maximo 12,000 trees) per day. In Pisgah Forest 500 trees is a good 
day's work for one estimator and one helper. 
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PARAGRAPH LIX. 
Sn DIBISICH BKANDIS' METHODl 

The Brandis method is indicated where the object at stake consists m 
a rapid survey ol the stumpage on large tracts, like tiie vast Teak and 

Bamboo forests of upper Burmah. 

Traversing cxistinjr trails of known length on horseback, the estimator 
records the diameter of each tree within a given distance (say 200 yards) 
on cither side of the trail. 

The widths of the strips traversed multiplied by the length of the trail 
yields the area of the sample plot The number of the trees of the 
various diameters found on the sample strip iqipears from the records. 

■ 

PARAGRAPH LX. 
vmcmm-GkAvta wethod AWPncD ok dr. Webb's estatk. 

1. Sample acres, nicasiiriiig 4 x 40 poles, are irregtjlarly laid into 
swamps, hardwood slopes and spruce slopes. The sum total of the sam- 
ple acres is 3^% of the total acreage. 

2. The length of a sample acre is actually chained off, whilst the width 
is ascertained (two poles to the left and two poles to the right of tlie 
diain) by tape, by pacing and by estimating. 

3. The sites of the sample acres are not marked on maps. 

4. All trees on the sample acres arc calipered; a number of heij^lits 
are taken on each sample acre; for each sample acre the average diam- 
eter, the average height and the number of trees are ascertained. 

5. From these averages is deduced, for all sample acres, the average 
diameter, the average hciKht and the nimibcr of trees. All these data, 
of course, must be given for the various species separately. 

6. From volume tables previously constructed the volume of the trees 
having averaRc height and average diameter is obtained and is multiplied 
by the average number of trees. 

7. This multiplication yields the volume of the average sample acre. 

Objections to this method of valuation surv^ are: 

A The tree of average diameter has neither average volume nor 
average height 

b. The average diameter should be obtained from the fraction "total 
sectional area over number of trees." It cannot be obtained 
correctly from the fraction "sum total of diameters over num- 
ber of trees." Similar objections hold good for average height. 

Guessing at the width of a strip^ in dense growth, is rather ridgr. 
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RlMAiK : Bulletin 36, page las, states tfiat volumes are now computed 
by the Bureau either by averaging the volumes found for the saniple 
acres* dius obtaining the volume of a model acre as 

▼1 4- 

B 

(wherein « equals the number of sample acres) ; or by summing up all 
trees of each diameter class, by dividing eadi sum by the number of sam- 
ple acres, and by thus finding for a model acre the average number of 
trees for each diameter class. In both cases the volumes for each diam- 
eter class are read from volume tables. 

Allowance for defects is made according to local experience, all trees 
bemg calipered as if tfiey were sound. 



PARAGRAPH LXI. 

THK GRIDIRON INC METHOD. 

1. Wofic with compass (if a topogra^ical map is required, also widi 

barometer or clinometer) and with several t.ipp*; or ropes. These ropes 
arc meant to denote the sides of a strip; within the strip the sectional 
areas arc taken with calipers or Biltmore sticks. 

2. The tapes move continuously with the caliper men, and there is 
no stopping. The compass man keeps ahead of the measuring crew. One 
of the outside "tapers" has the correct length desired for a section. His 
tape must be run straight The inner tapes may make snake lines. The 
tally man uses a fresh tally sheet for each section. 

3. All strips lie paralld and arc equidistant The width of the strips 
dqiends on Uie density of growth, smallest diameter calipered, avatlaUe 
bdp and accurscy required. 

4. The distance between two parallel strips d^ends upon accuracy fe- 
quired, width of strip and variety of coofiguratiomt. 

5. Each strip is divided into sections of equal length. The tally sheet 
gives for each section die diameters (with bark) of the trees in tiiat sec- 
tion; further, remarks on the run and altitudes of ridges and creeks 
traversed, on roads, settlements, existing surveyor's marks, forest fires, 
forest pasture, previous lumbering and regeneration. The number of 
seedlings in a section might be approximately given under tiie same licad. 
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AdY«iitag«8 of th« gridironing nieAod are: 

a, A topographical map is obtuned at a slii^t extra expense. The 
original survQr is controlled and the area of the tract is re^aseertained. 

h* Oiiisers are forced to traverse all sorts of country and are not 
allowed to skip swamps, cliffs, etc 

c. The proportion of flats, ridges, slopes, swamps, farms, or farm 
soil, pastures, etc., is found at the same time 

d. The strips may be used as permanent statistical sample plots, if 
they start from definite points (comers) and run in definite directions. 

e. The procession of the cruisers is uninterrupted by stops; hence no 

loss of time. 

For a picture of a convenient tally sheet holder see Graves' Handbook, 
page 123. 

The gridironing method has been adopted by the working plan division 
in a somewhat altered form as follows (Bulletin 36, page 120) : 

1. Strips are always one chain (66 feet) wide. A section invariably 
comprises one acre equaling i x 10 chains. 

2. The measuring tape is trailing in the center of a strip; two caliper 
men (proceeding one at the left, tlie other at tlie right hand of the tape) 
caliper a belt one-half chain wide, estimating the width at either side 
of the central tape. 

3. The compass man or tally man witii the fr<mt end of the tape 
attached to his belt goes ahead and stops at tiie end of every chain, 
allowing the calipers to catch up. 

4. Thus there are ten stops for every acre; after 10 chains the tally 
man enters general notes. 

5. Heights may be measured by a separate crew. 

A crew of four men calipers in merdiantable timber 90 to 49 acres 
per day; in small and merchantable thnber from 15 to as acres per day; 
in longleaf pine up to 65 acres per day. 

PARAGRAPH LXII 

POBEST KESnVB MBTROOS. 

Roth's Forest Reserve Maimal gives three methods of valuation sur- 
vey, Na I and No. a being sample-area-methods, and No. 3 an entire- 
area-method. 

I. Sample circles with a radius of 20 yards, the circle containing 
% acre; the radius is estimated, or paced from a central stick. Two 
sub-methods are permitted, namdy: 

a. G»unt the number of trees of merdiantable size; estimate the aver- 
age tree according to log length, taper and thickness of bark; estimate 
the percentage of defectiveness (from 10% to 40$^ after Manual, page 49}. 
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h. Caliper fhe trees in the cirde into two^inch classes; estinatie Che 
aventge tree for each class and allow for defects as before. 

In both cases a map must show the site of the sample drdes. The 
circle method is not allowed in scattering timber. At least 5% of the 
entire area must be sample-circled. 

2. Sample strips. Strips should be four rods wide, should run across 
ridges, should be shown on a oiapu Otherwise proceed as under i. 

3. The "forty*' method is used on surveyed land. It is an enttre^area 
method applied to 40 acres. The sides of & '*for^' are 80 x 80 rods, 
equal to 440 x 440 yards. Prescriptions: 

0. Traverse each "forty" on lines about too yards apar^ thus crossing 
4 times. 

h. Halt at eveiy 100 yards and estimate the trees within a square of 
lod yards surrounding the Stopping place. 

c. If possible, have a compass man control the length and the direc- 
tion of your runs. 

PARAGRAPH LXIII. 

SAMPLE SQUABBS. 

Sample squares containing about one acre are used in Maine and in 
Northern New York. The side of a sample square is 14 rods. A cruiser, 
from the center of the square, under the density of the growth existing 
in Maine and New York, can overlook a circle of 7 poles radius sur- 
rounding him. Hence, as a matter of fact — or rather of theory — he skips 
the comers of the square, counting only the trees in a circle which has 
the side of the square for its diameter. The square contains 196 square 
rods, whereas the circle of 7 poles radius contains 155 square rods. The 
cruiser estimates the contents of all trees within the "square" from his 
central standpoint. 

PARAGRAPH LXIV. 

nSCAH FOREST METHOD OF 1896. 

1. The diameters of all trees promising to yield a log arc measured 
in diameter classes of J4 foot interval by a crew of 4 to 5 helpers armed 

with Biltmnre sticks. 

Tlie diameters are measured (or often estimated if beyond reach) at 
the point above which the tree is supposed to be sound. 

3. Each tree measured is marked by a blaze. The foreman enters on 
a tally sheet the species and the diameters called out by the helpers. A 
speciai tally sheet is used for each cove. 

3. The average contents of the diameter classes are estimated with the 
help of sample trees selected for each species and each diameter— a very 
uncertain estimate owing to the unsoundness of die trees. 
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4. Eftdi cove is niunbefcd or lettered to comspood widi tfie tally 
sheet on a tree standing at the oudet of the wtt. 

PARAGRAPH LXV. 

PISGAU FOREST METHOD FOB STUM PAGE SALE, BARK SALE AND LUMBUING 

OPERATIONS. 

I. Each tree is approached individually, its diameter measured and its 
defects, especially its hollowness, examined by "sounchng. The diam- 
eter measure and the estimated volume arc entered on a tally sheet oppo- 
site the number of the tree, whidi is inserted in the stump of tiie tree 
by a stroke of the "revolving numbering hammer." 

3. One cruiser and one helper tally 400 trees per day.v 

3. The method allows of ready control by the owner, the forester and 
the buyer. It is adapted to hardwood forests in a rough mountainous 
country where the merchantable trees per acre are few; and where no 
tree is> practically, free from defects. (G>mpare Graves' Bullelia No. 
36^ page X15). 

PARAGRAPH LXVI. 

HENRY GANNETT's METHOD, ADOPTED PGR THE TWELFTH CENSUS. 

1. Rase the estimate on the cruising reports obtainable from the local 
lumber companies and railroad companies. 

3. Gmtrol the applicability of the estimates to huge tracts by travers- 
ing them and by overlooldng tiiem from a mountain top. 

Mr. Gannett expects that mistakes made in one county will be offset 
by those made in another. 

PARAGRAPH LXVII. 

A "fOKtY^ METHOD USED TH MICHIGAN. 

1. A "forty" (a square of Bo x 80 noies) is subdivided into 10 rectan- 
gles of 4 acres each, measuring 16 x 40 rods. 

2. The cruisers estimates when entering a rectangle He counts the 
number of trees on every 4 acres and multiplies the number by the size 
of the average tree. 

3. For each "forty" the cruiser records in a memorandum the factors 
influencing the logging operations or the timber values, notably the 
swamps, ridges, forest fires, degree of defectiveness, fsdlities of trans- 
portation* 

A central line traversing tiie "forty" in a norA and sooth directioa is 
sometimes kept by » eoo^assman assisting the cruiser. The outer lines 
of the "forty** are plam from the official survey marks. 
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A number of ▼ariatioiis of thif method exist, according to the custom 
of local cruisers and according to the predilections of the lumbermen, 
largely governed by the value oi stumpage. Compare Graves' Bulletin 36^ 
page ii6k 

PARAGRAPH LXVIII. 

DR. FERNOW'S "foRTY" METHOD USED AT AXTON. 

1. Each "forty" is subdivided into 16 squarct of acres each* the 
sides of a square being 20 x ao poles. 

2. The head estimator, stepping from the comer of the square 10 
poles east (or %vest) and 10 poles north (or south) places himself in 

the center of the square. 

3. Helpers (students) are sent out. four in number, towards the north- 
east, northwest, southeast and southvvi st, each li. ]prr reporting the diam- 
eter and species of the trees iound in tiiat one-quarter of the acres 
which is allotted to him. 

4. The "forties" are carefully surveyed and surrounded by carefully 
trimmed lines. The outlines of the 2^ acre sections are merely paced. 



CHAPTER II.— AGE 

PARAGRAPH LXIX. 

MM or Tins CUT DOWN. 

The age of trees eat down is found by counting the annual rings on 
a cross section (preferably an oblique cut) made as low above the ground 

as possible. Allowance must be made for the "stump years," by which 
is understood the number of years required by the top bud of the seed- 
ling, after sprouting, to reach the stump height ("cutting height," after 
Circular 445). 

Ring-counting in the case of even-porous hardwoods requires the use 
of a lois and of some coloring liquid (aniline and ferro-chloride) on a 
disc planed with a knife, a chisel or a hollow planer. 

The difference of the ring-numbers on the stump and the ring-num- 
bers at any place higher up indicates the numlscr of years used by the 
top bud of the tree to traverse the intervenmg distance. Endogenous 
trees do not form any rings. 

False rings are formed under the influence of late frost» early frost, 
drought, fire and insect pests. They do not run all around the tree. 
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As long as ihe tree lives, it must annually fonn a ring of growth (or 

rather an additional coat, the sleeves of which cover the branches), the 
outside of which becomes a layer of bark, the inside of which is a layer 
of wood. In tropical countries this rule does not hold good provided 
that there is no change of season. 

The lormatioQ of rings in the branches is regular. Branch-rings are, 
however, eccentric and dliptical. The fonnation of rings in the roots 
is said to he irregular, not representing the age of the roo^ possibly be- 
cause there is no or little change of seasons in the soil. 



PARAGRAPH LXX. 

ACS OP 8TANDIKC TIKBS. 

The age of standing trees can be estimated only when regular annual 
whorls of branches can be counted. 

The records of seed years and Iht history of the fotest kept by many 
forest administrations usually give an idea of the age of the trees. 



PARAGRAPH LXXI. 

AGE OP A FOREST. 

The age of a forest is the average age of tfie trees composing it. 

In the case of a thicket suppressed for a lonp time by the superstructure 
of a leaf canopy overhead, a so-called "economic a^?e" is frequently sub- 
stituted for the actual age. In the case of Adirondack .spruce, for ex- 
ample, a diameter of t inch in the center of the trunk had better be 
counted, as, say, 15 years, although it may contain as many as tio rings. 

The mean age of an uneven-aged wood is defined as follows: 

I. That number of years which an even-aged wood would require on 
the same soil, in order to produce the same volume as is now at hand. 

3. That ntunber of years which an even-aged wood would require in 
order to produce at the time of maturity the same volume which the 
uneven-aged wood is likely to produce. 

The latter definition is scientifically more correct Unless it is adopted, 
an uneven-aged wood may get over ao years older in ao years, owing 
to the fact that the trees dying m tiie meantime are mosdy minors in age. 
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CHAPTER III,— INCREMENT 

SECTION I.— INCREMENT OF A TREE. 
PARAGRAPH LXXII. 

TBB KINDS or iKCIBltBMT. 

The following kinds of increment must be disdnguished : 

a. Increment of height, diameter, sectional area and volume. 

b. Current annual increment, current periodic increment and total in- 
crement. 

c. Average annual increment, average periodic increment and average 
increment at the age of maturity. 

d. Increment of the past and increment of the future, 
r. Absolute increment and relative increment. 

The increment of stems cut down is found by counting and measuring 

the annual riti"c on scvernl cross sections. 

The term "stem or '■tree analysis" designates an investigation into the 
past height growth, diameter growth and volume growth of a tree. 

Circular 445 of the Bureau of Forestry defines the term "increment," 
somewhat narrowly, as follows: **The volume of wood produced by tfie 
growth in height and diameter of a tree or of a stand." 

For definition of die term "tree analysis," see Circular 445 of Bureau 
of Forestry. 

This circular distinguishes between: 

I. Stump-analysis, being a tree analysis which includes measure- 
ments of tfie diameter growth at given periods on the stump 
only, no matter what other measurements it may comprise; 

a. Section^analysis, being a tree analysis whidi includes measure- 
ments of the diameter growth at given periods upon more 
than one section of a tree; 

3. Partial tree (stump or section) analysis, wherein the measure- 
ment of the diameter growth at given periods covers a portion 
only of the total diameter growth. 



PARAGRAPH LXXIII. 

HBIGHT INCBBlfBNT. 

The height increment, from the silvicultural standpoint, is of interest 
to the forester dealing with mixed woods. 

The difference between the number of rings found on two separate cross 
sections throui^ the bole indicates the number of yean whidi the tree 
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has required to grow throi^ th« distance lying between diese two sec- 
tions. By counting the number of rings at several cross sections, one of 
whidi is made as dose to the ground as possible, the current and tiie 
average height crrowth (increment) may be <^tained by arithmetical or 

by graphical interpolation. 

A dense cover favors height increment. In rare instances, however, 
the stand of saplings or poles is so close that the height increment of 
the individual suffers from lack of food. 

PARAGRAPH LXXIV, 

THE CURRENT HEIGHT INCREMENT. 

In the hip:h forest the current annual height increment reaches a 
maximum at an early ape; passing this maximum, it sinks more or less 
, rapidly. The culmination of the current annual height increment occurs 
the mtich earlier and its slackening after said culmination goes on at a 
more rapid rate if 

1. die species is fast growing and light demanding; 

2. the tree observed belongs to the dominant class ; 

3. the soil is good. 

For yellow pine the culmination of the current annual height incre- 
ment occurs amongst dominant saplings between the loth and 15th years; 
for spruce at about the aodi year; for beech and fir between the asth 
and 5odi jrears. Suppressed trees show die maximum of current hei^t 
growth much later than dominant trees. 

As a general rule for all species, in case of dominant trees, the longest 
shoot is made 10 to 15 feet above ground. Slow p^rowing species, shade 
^ bearers and trees stocking on poor soil reach that level at a later date 
than trees and species growing under reversed conditions. 

In tiie case of coppwe forest, the maximum of the current heifl^t 
growth lies in the first three years of the life of the shoot For oak 
coppice, the following taUe may serve as an illustration of heii^t growth : 
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PARAGRAPH LXXV, 

THC AVIBAGB HBICBT INCIBKBKT. 

The av^ge annual hdght increment culminates later tfian die current 
annual height increment, and, after the culmination, it decreases at a lesa 
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rapid rate tfiaii th« eumnt annual hdgfat iiwrement The average annual 
height increment culminates at the very age at whidi it is equal to the 

current annual height increment. 

A*; loncf as the average increment increases the current increment is 
iargcr than tiic average. The average increment still rises during a period 
of decrease of current increment 

These laws hold good not only for hei|^t growtfi, but also for die 
growth of diameter, sectional area and volume. They arc based merely 
on mathematical principles and are, ior that reason, independent of spe- 
cies, climate and soil. 

If "a" denotes the current annual increment, and if "d" denotes the 
average annual increment, whilst the indices i, 2, 3, etc. (up to n), indi- 
cate the year of increment, then the following five equations hold good: 

n X dn — a, -f a, f a, 4- an 

(n 1) dn 4- 1 — t- a^ 4- a, an + an -t-i 

(u -|. 1) dn + 1 — n X dn 4- an + 1 

n X dn + 1 — u X dii j !Li, + 1 — do +1 
n (dn + 1 — do ) — an + I — dn + 1 



PARAGRAPH LXXVI. 

KELATIVE IMCKEMKNT OF THE HEIGHT. 

The percentage of height increment forms, from the start on, an irreg' 

ularly descending progression. 

If the height is h at the beginning of a period of H years of observa- 
tion and H at the end of that period, then 

h X 1* opBeqnala H 
and 



p equals 100^^ — 100 



Pressler substitutes for this formula in case of short periods of observa- 
tion the following: 

200 ^ H — h 
n H -4- h 

This formula is derived as follows : Imagine that we arc in the midst 
of the period of n years. At that time, the increment is apt to be 

whilst the height at that time is apt to be ^ ^ ^ ; hence, for that mid- 
dle year, the equation is: 



100 n " e + h 



X 
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PARAGRAPH LXXVU. 

DIAMETER INCSEUENT. 

The current diameter increment is obtained by counting and measuring 
the rings on a disk through the tree. It is generally best to count from 
the bark towards the ceoteri along two radii standing perpendicular to 
each other. 

The general laws of diameter growtii are identical with those of height 
growth relative to culmination, decrease and increase of absolute (Par- 
agraph LXXV.) as well as of relative (Paragraph LXXVI.) increment 

If we exclude the butt-picce below chest-height, the annual rings along 
the tree bole measured at various elevations above ground show a grad- 
ual incirase of width with elevation, provided that the leaf canopy of 
the forest is complete and uninterrupted — e. g., the width of the ring 50 
feet from the ground, formed in 1903, is greater than tiie width of the 
ring formed 20 feet above ground in the same year. 

For trees standing in open crown-density, the width of the ring de- 
creases with the elevation above the ground, especially within the crown 
itself. 

A tree standing in a thin crown-density may show an even width of 
ring all over the tree bole. 

For very old trees in closed stand it is sometimes found that the diam- 
eter, say 40 feet above ground, is larger than the diameter, say, 20 fed 
above ground. 

The rings on a disk are not actually circle,; they more closely ap» 
proach tlie form of eccentric ellipses (see Paragraph XIIL). • 

PARAGRAPH LXXVIII. 

SECTIONAL ABBA IMCUUtBKT. 

The increment of the sectional area is obtained from the increment of 
the diameters. Where greater exactness is required, and especially in 
case of irregular rings, the planimeter or the weight of a piece of paper 
having the form of the sectional area may be used for measuring to good 

advantage (Paracrraph XIII. ). 

The increment of the sectional area at clu-st lifight depends on the 
crown density overhead ; furliitr, on the quality of the soil. At chest 
height the culmination of tlie current annual sectional area increment 
takes place, in die case of dominant trees, fast growing species and com- 
plete cover overhead, between tiie years 40 and 70. 

The culmination of the current annual sectional area increment occurs 
always later than the culininatiofi of the enrrent heipht aru' fliaincter in- 
crement. After culniinatioM it remains uniform for a long tunc. 

The absolute increment of a sectional area higher up on the bole, com- 
pared with the absolute iiwrement at diest height, is found to be e<iual 
to it in the case of dominant trees; larger in the case of suppressed trees; 
and smaller in the case of isolated trees. 
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Pressler establishes as the "law of bole formation" the following rule: 
'*The absolute increment of the sectional area at any point of a bole is 
directly proportioned to the leaf surface above that point." 

Tliis rule is, on the whole, correct. An unexpected swelling, however, 
is often found at 9/16 of the hetght ol tlie tree. Within the crown of 
the tree^ the decrease of sectional area uicreincnt is rapid. 



PARAGRAPH LXXIX. 

■CLATIVB IKCaBllIRT OF UAMEISR AHD OP SECTIONAL ABIA. 

The increment percentage at any point of the bole, like all increment 
percentages, forms a constantly but irr^larly descending progression. 

At any point of the bole the increment percentage of die sectimial area 
is the double of the increment percentage of the diameter. 

Schneider gives a handy formula for the sectional area increment per- 
centage, viz.: 

P equals — - 
^ nd 

wherein d represents the diameter at die beginning of the period of ob- 
servation, and wherein n indicates tiie number of rings per inch at the 
time of observrition. 

The percentage of the sectional area increment increase along the bole 
with increasing height of the disk measured, excepting, however, possibly, 
the case of very isolated trees. 

The average sectional area increment parentage of the bok is found at 
a point a little below one-half of die totsi hei^^ namely, at about 045 
of the total height from ground. 



PARAGRAPH LXXX. 

VOLUME INCBBIIBMT. 

The (current and future) volume increment of standing trees is of 
great interest to forest financiers; it can be estimated only, and cannot 

be measured exactly 
The volume increment of trees cut down may be ascertained as follows: 

1. By the sectional method, or by ''section analysis" (Paragraph 
LXXXl.). 

.» 

2. From the increment of sectional area chest hifl^, height increment 
and form figures (Paragsaph LXXXIV.). 

3. From the increment of sectional area in the midst of bole (Para- 
gnph LXXXV.). 

4. On the basis of the average annual increment (Pisragraph 
LXXXVIL, last 4 lines). 

5 
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PARAGRAPH LXXXL 

SlCnON ANALYSIS. 

The section-method is a complete tree analysis by sections. The entire 
bole is divided into a number of sections, preferably of even length, at 
both ends, or, better, in the midst of whidi die periodical increment />f 
the sectional area is ascertained (compare Paragraph XL)> ' 

In the latter case, multiplying <;nc!i sectional areas (in square feet) 

as belong to tlic same age of the tree by the length (in feet) of the sec- 
tions, the volumes (in cubic feet) of the diflferent sections at given ages 
are obtained. 

The "top pieces," however, must be figured out separately, thdr length 
differing from the even length of die sections. These top pieces are 

usually considered as cones, and tiieir volumes are ascertained as one-third 
height times basal area of top piece. Tlie basal area of the top piece is 
identical with the upper area of the uppermost full section of a given age. 
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25 feet. 


40 feet. 


67 feet. 


Total age 


20 years. 


40 years. 


60 years. 


Sectional area of Section i 


0.34 sq. ft. 


0.78 sq. ft. 


T.S3 sq.ft. 




0.15 sq. ft. 


0.45 sq. ft. 


0.S7 sq. ft. 






0.25 sq. ft. 


0. 64 sq. ft. 






0.03 sq. ft. 


0.53 sq. ft. 








0 ?5 scj. ft. 














0.04 sq. ft. 




0.49 »q. ft. 


1.5 1 «q. ft. 


3.56 aq. ft. 


Summary sectional areas X lo 


4.90 cu. ft , 


I 5. 10 CU. ft . 


,35.60 CU. ft . 




0.05 CU. ft. 


0.09 ctt. ft. 


0.08 CU. ft. 




4.95 CU. ft. 


15.19 CU. ft. 


35.68 CU. ft. 



The volume of the top pieces forms in the older age columns an iiisig- 
nificant part of the total volume 

If the logs as cut in the woods are used as sections, then each section 
has a separate length and its volume must be separately ascertained for 
every decade of age of tree. 

RemabK: It is wise to first ascertain the full age of the tree, allowing 
for stump years. It is furtlur wise to throw ofT lliat nunib'-r of years 
which exceeds full decades — g,, in case of a tree 117 years old, 7 years. 
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At die stump the rings had best be counted from the inside out, allowing 
for stump years. Instance: Age of tree, 117; stump years, 4 years; count* 
ing on the stump, from the inside, 6 rings establishes tiie ring formed in 

the ycnr to. Contimiinf^. the rings of the years 20, 30, 40, 50, etc., up 
to year 110, arc pencil marked. The outside seven rings are thrown off. 

At all other disk-sections, count and measure from the outside in, after 
discarding the 7 years exceeding full decades of tree life. 

PARAGRAPH LXXXII. 

NOERDUNGEJt'S PAFEK WEIGHT METHOD. 

The total length of the tree is divided into 8 Huber sections, and cuts 
are made in the midst of these sections, at the height of 1/16, 3/16, S/16, 
7/16 and up to 15/16 of tlie bole. On each cross section the radii are 
measured, not with the rule, but with dividers. 

On a piece of paper folded 4 times and thus divided into 8 sectors tfie 
measurements are entered with the hdp of the dividers, one sector being 
allotted to the first cross section, the next sector to the next cross sec- 
tion, etc. Multiplying tlie total weij^ht of the zone indicating, say, the 
year 70, by height of the tree and dividing the product by the wciijht of 
a square foot of paper, the volume of the tree when 70 years old is 
directly obtained in cubic feet Similarly the zones corresponding with 
the year 50, 6o» eto.» are cut out, weighed and multiplied. 

If ^e volume increment percentage p alone is to be obtained, then it 
is enough to divide, say, the "weight" of the year 70 by the weight o£ 
the year 60^ and the loth root of the quotient will equal i.op. 

PARAGRAPH LXXXIII. 
schbmck's graphic tree analysis. 
Graphic tree analysis offers the following advantages: 

1. Mistakes are impossible, being at once noticeable on the diagram 
paper. 

2. The volume in feet Doyle can be readily obtained for any stated 
minimum diameter. 

3. The graphical sketch is adi4»table to any of the 43 scales in use in 
the United States, as well as to the metric system. 

4. The thickness of heart wood and sap wood and bark readily appears. 

5. It is hnmatertal whether measurMients are taken in meters or in 
leet^ the graphical sketch readily allowing of tiansfers into other untta. 

6. Height growtii and diameter growlh appear at the same time, and 
from the same entries. 

7. The lengtii of die sections taken need not be uniform. 

The method of proceeding is as follows : On millimeter paper a system 
of co-ordinates is established; heights are entered as ordinates, diameters 
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or radii as abscissas. The scale for tiie hdi^ entries sbould be moch 
smaller than that of the diameter entries. 

Diameter points, at the different section-heights, corresponding to a 
given decade of years are joined (beginning at the outside), by which 
procedure the outline of the tree at that decade is established. 

Th top cones are obtained by prolonging such outlines arbitrarily until 
fhey intersect witii the heii^t-axis. 

The merdiantabk bole for each decade is dissected, on the diasram, 
into logs the length and diameter of which are measured on the diagram. 

PARAGRAPH LXXXIV. 

WAOBim's KtTHOD AND ST0KP ANALYSIS. 

Wagener recommends a partial stem analysis for cases in which a 
knowledge of tiie absolute increment, not a lcfK>wledge of the absolute 
tree volimic^ is required. Tree volume is sectional area diest high times 
hei^t of tree times form factor. 

Wagener analyses: 

0. the heifl^t growth bj counting the rings at various altitudes along 
the bole; 

fr. tfie growth of the sectional area at chest hei^t by measurement in 
decades in the usual way. 

Wagener tfien estimates the form foctor according to form foctor tables. 

In die latter proposition, obviously, lies the danger of mistakes. Since, 
however, increment is a difference of volumes, merely the difference of 
mistakes-^ comparatively small item~-enters into the problem. 
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The "stump analysis*' (compare Paragraph LXXII.) introduced by 
the Bureau of Forestry rests on prenuses similar to those proffered by 
Wagener. 

Tf the form height for the stump-diamct' (or the number of feet 
b. m. per square foot of stump area for given stump diameters) is known, 
the rate of volume increment can be quickly ascertained by mere stump 
analysis. 
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It is, however, a wdl known foct that the diameter growA at the 
stump— especially at a low stump— is particularly unreliable as an index 
of volume growth, owing to the exaggerating itiflnence on stump growth 
exercised by light, by water, by depth of soil and by superficial roots. 

Stump analysis as a means to bring a volume in reference to a sec- 
tional area at tiie stump is permissible only as a necessary evil 



Frequently the task before the forester is merdy tiiat of ascertaininff 

the increase of bole volume during the last lo or 20 years. Then after 
Prcssler, one single investigation into the growth of the sectional area is 
sufficient when made with the help of the accretion borer in the midst of 
the "decapitated" bole. The volume increment in cubic feet equals the 
sectional area increment in question multiplied Iqr the height of tiie 
tree. 

The bole is decapitated by that number of top ^oots which have been 
formed during the period of observation This operation corresponds 
very well with the usual practice of judgmg the bole increment per- 
centage from the sectional area increment ascertained at 0.45 of height 
of tree. 

Pressler measures the sectional area at the end of the period of observa- 
tion too large» measuring it at too tow a point He multiplies tiiis sec- 
tional .area, however, by too small a height-^iamdy, the decapitated 
height; thus a mistake made in the positive sense is apt to be eliminated 

by a mistake made in the negative sense 

The axe can be used to better advanuge frequently than the accretion 
borer. 

PARAGRAPH LXXXVI. 
brbymann's mrhod. 
Brqrmann gives the following formula: 
I. For the current annual volume increment T: 



wherein "8" and "X'* denote the annual increase of diameter "d" and 
length ''1" respectively. 

2. F<^ the corresponding increment percentage P: 



It appears that lor trees of old age and hence of little height growth 
the increment percentage is merely dependent on Ihc diameter increase. 



PARAGRAPH LXXXV. 



fiesslkr's miBon. 
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Breymann, however, neglects: 

1. Tlie change of form figure, during the period of observation ; 

3. A number of small factors which ought to be embraced in the 
formula. 

For stopping height growth or for X — 0 , the term given for P can 
be easily reduced to the term given by Schneider for the sectional area 
increment percentage. 

PARAGRAPH LXXXVII. 

FACTORS INFLUENCING THE CUBIC VOLUME INCREMENT. 

The culmination of the current annual volume increment takes place at 
a later year than the culmination of the sectional area increment at breast 
height. Naturally so, because with increasing age of a tree, its rout sys- 
tem as ss tfie branch system, the feeders of the body, show contm- 
uoits increasep 

Big and long branches, of course, require a great deal of wood fibre 
to increase and maintain their own strength, like levers increased in 
length. Hence, from a certain size of branch on. all wood fibre produced 
by the branch is u«:ed up within the branch itself, for its own purposes, 
instead of being added as increment to tiie mcrciianlable bole. 

After Dr, Metsger, the crown of a tree yidds tfie maximum of bole 
increment if its crown diameter is, and if the number of trees per acr^ 
are: 



Quality of soil. 


Diameter (rf crown, in feet. 


No. of trees per acre. 


Very good. 


16.5 




Good 


14.7 


256 


Medium 


13.7 


343 


Poor 


9.3 


640 


Very poor 


8.3 


807 



From the theoretical stan<^int it seems wise^ consequently, to force 
the lower branches of a tree to die, with the help of proper tension and 
friction within the leaf canopy, when they exceed a Icngtii of 8.25, 7.35, 
645, 4.65 and 415 f^<^t respectively (the halves of the diameters). 

Metzger*s investigations are interesting, but his conclusions seem to be 
too sweeping. 

P. P. Pchon recommends the lopping of brandies in order to shorten 
the lengtii of the branch-levers. 
The average annual volume increment of dominant and sound trees 
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cnlmiiiates at a very high age only, if ever, owing to tiie late culmina- 
tion of the eurrent annual average increment 

The volume increment percentage forms — as in all cases of increment— 
a steadily but irregularly decreasing progression. This percentage is in- 
variably equal to or higher than the sectional area increment percentage 
at chest height 

Roughly speaking, the volume increment percentage amounts to from 
I to I.7S times tfie sectional area (at diest height) increment percentage, 
or, as Pressler gives it, to from 3 to 3!4 times the diameter (at diest 
height) increment percentage. 



Ciownjcovers part of bole 


Height Growtli. 


Seemingly nil. 


Medium. 


Good. 


Excellent. 


\ or more. 
4 to i 
Leas than |. 


a. 33 
a. 50 
a. 67 


2.67 
2,83 
3.00 


3 00 
3 t7 
3.33 


3»7 
3-33 

• * • • 



Since the average volume increment of a tree is equal or closely equal 
to the current annual increment at a high age only, it is usually not 
permissible Co substitute the average increment, which is easily aacer* 
tainedt for the current annual increment 



PARAGRAPH LXXXVIII. 

VOLUMB-INCRBMBMX PEKCENTAGK OF 8TANDIKG 1BEES. 

In die case of standing trees the volume increment percentage cannot 
be measured, owing to the impossibility of ascertaining a change of form 

height. 

The Pressler data given in the preceding paragraph allow of estimating 
the volume increment percentage of standing trees on the basis of a 
diameter-increase, measured at breast height 
The Pressler ''accretion borer" is used for the purpose, or an axe 
Stoetzer, Director of the Forest Academy at Eisenach, modifies die 
Schneider formula for sectional area percentage, writing it 

C 

wherein 11 indicates number of years (rings) required to form one inch; 
i represents the diameter at the befi^nning of tile period of investigation, 

whilst C (the ?o called "constant factor of increment," which is not a 
constant factor at all) must be ascertained for a given species, soil, diam* 
ttcr. age and position by actual tests on felled trees. 

In old dense beech woods C is, e. g., 540. After a seed cutting in the 
same woods during the fmal stage of regeneration C is only 450 (observa- 
tion by Dr. Wimmenauer). 
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Trees growing as cones would grow, have C equal to 600; trees grow 
ing as Apollonian paraboloids would grow, have C equal to 800; after 

Stoetzer, C might amount to as much as 930, in case of suppmsed trees* 
The minimum possible (in sound trees) for C is 400. 

The Prcssler values given in the table of tlie preceding paragraph 
closely correspond with the constant factors of increment ascertained 
after Stoetzer. In the case of the Flessler taUe (at end of Paragraph 
LXXXVII.) we find, for medium bei^t growtfi and vety small crown, 
a factor 3.00 by which the diameter increment percentage is to be miilti> 
plied. This factor 3.00 corresponds with 600 for a constant factor of in- 
crement. 

If the diameter in the midst of the bole is Yz of the diameter at the 
end, then the tree, it seems, is conical, and an increment factor of 600 
mii^t be assumed. If the sectional area ia tiie midst of the bole equals 
% the sectional area at the end, dien the tree is a paraboloid, and tfie 

increment factor seems apt to be 800. 

It must be remembered, however, that a tree forming a paraboloid 
grows as a paraboloid only, if its percentage of height growth is equal to 
its percentage of growth of sectional area — a rare case in merchantable 
trees. 

Similarly, a tree growmg as a cone must have tiie height incremeot 
percentage equal to its diameter increment percentage. 

If n and v represent the number of rings per inch added to original 
diameters d and h at chest height and at 0.45 of the height of the tree 
respectively, then the "constant factor of increment C" is found as follows : 

400 C 

p (volume) " ""Z"**^ 

yg nd \ 



V 



PARAGRAPH LXXXIX. 

ZXTBlllBRNllBKa BRWEBK CUBIC INCnilBNT AKD iHClBlCtMT 

IN im B. K. oonJb 

Doyle's rule under-estimates the contorts of small logs and over-esti- 
mates those of big logs. 

Consequently, the growth of a tree bole in feet b. m. Doyle is (for 
small trees yielding logs under 28'' diameter) relatively faster than the 
growth of a tree bole expressed in cubic feet. The figures of Column D 
denote, in the following table, this excess rate of growth: 
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A 

Diameter of Iocs 
wfthout hark. 


/? 

No of ft b m ocr 
one cu. ft. of tim- 
ber estimated 
after Dovlfi 


C 

Differenoes of con- 
secutive figiuf in 


D 

* ' Hxtraordinaiy " 
percentage of incre- 
nient D' slt co-in- 

farting witll 


12" 






8 I 


»T 




P. 4.1 


p. 4 










0. IS 




14" 


^ 8^ 

0 • °o 














*o 


10 




4-* 








16^' 


6 XA 
















0. 7' 




3.3 










AO 






s I 


10" 








7.07 








0.26 




«/' 


> • 00 




a. < 




0.18 




7.51 








0. 16 






t At 




M *W 






0. 15 




'*3 






t 7 






0.13 




*4 


/•95 




I A 

A * 0 


*5 




0. 14 








1.4 






O.II 










1.5 






o.ia 




2r 


8.33 




I.I 






0.09 






8.41 




I.I 






O.II 










1.0 






0.08 




30" 


8.60 




• * ■ 



For the standard rules, the incfenient percentage of a tree can be aaeer- 
tained fay cubic measure as well as by standard measure. 

If II years are required to form one additional mdi of diameter, then 
the extraordinary percentage of Doyle-increments amounts annually to 

y i.UD. wherein D represents the values of Column D in the foregoing 
table. • 

By this factor y^l.OD, the cubic volume increment percentage of a 
bole may be converted, celim Paribus, into Doyle increment percenuge, 
provided tfiat 
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I. The cubic increment percentage of the total bole coincides with tiie 
cubic increment percentage of the merdiantable bole; 

3. The merdiantable bole does not increase in lengtfi during tlic period 
of observation. 

PARAGRAPH XC 

OONSnVCTtON OP VOLUVB TABLES. 

Volume tables are "tree yidd tables" from which the volume of a tree 
of given species, gtven age, given diameter breast high or stump high, 
given height, given merchantable bole, given position (suppressed, dom- 
inant, etc., or isolated, crowded, etc ), given locality and so on can be 
readily read. The units oi volume are cubic feet, board feet, standards, 
cords, etc., acoonHng to the requirements of the case. 

Obviously, volume tables give, or should give, tiie volumes of average 
trees; they may give, in addition, the maximum and minimum volume 
possible in a tree of Stated description. 

Volume tables are constructed either on the basis of hundreds (thou- 
sands) of measurements taken from trees actually felled in the woods 
(possibly also sawn at a saw mill, to ascertain the grades) or on die 
basis of a smaller number of complete section analyses. 

The rapidity of volume growth of a species and the devdopment of its 
form height depend on many local factors — notably on climate, soil, sylvi* 
cultural systems at hand, influence of fire;, fung^t, insect?, etc 

Owing to the multitude of local factors intluencing the volumes and 
the changes of volumes, local volume tables alone are entitled to a place 
in exact mensuration. 

Volume tables for second growtii are more reliable than volume tables 
for first growth. 

Circular 445 of Bureau of Forestry defines volume table as "a tabular 
statement of tJie vnhmie nf trees in board feet or other units upon the 
basis of their diameter breast high, their diameter breast high and height, 
their age, or their age and height" 

The method of construction of volume tables is dther mathentttica] or 
graphical. 

I. Mathematical method. 

The volumes ascertained for trees of a given (h?.vnHer (breast hi(?h or 
stump high with or without bark), a given merchantable length or total 
length, a given age or a given quality or locality are added up. 

The sum total of these volumes divided by the number of trees forming 
it yields the average volume of the tree of stated description. 

These avcraf?es are shown, for the various diameters, lengths, ages and 
localities, in tabular form. 

The volumes corresponding with such dianuters, lengths, ages and lo- 
calities, for which sample trees were not cut and measured, are found by 
arithmetic interpolation. 
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Finally, the differences in votume shown by average trees of similar 
description (i differing bat slightly in diameter, length, etc.) are 
formed and rounded off in a manner causing the volumes to show a more 
steady matberoatic progressioa 

X Grapkk method. 

The volume of eadi tree measured is entered as Uie abscissa on a 
diagram-^tem of corordinates, whilst the diameters of the trees (or the 

age, etc.) are registered on the Ctfdiaate axis. Similarity of length is in- 
dicated by color of mark representing the tree; similarity of locality is 
indicated by the form of the mark (square, triangle, cross, circle, etc.). 

Corresponding marks are then joined by chains (having square, cir- 
cular, triangular links) of the proper color. 

I^nally, average curves as well as maximum and minimum carves 
are drawn for the various colora and forms of marks. 

Maximum and minimum curves should not represent the very best 
and the very worst possibilities; they should r^resent the average of 
very good and very bad trees. 

The graphic method is more reliable, because less depending on mere 
figures, than Hat ma&ematical metiiod. Botii metiiods- are frequently 
combined. 

A number of complete tree analyses furnishes more reliable r I' s tfian 
a large number of mere volume measurements because it yields more 
reliable curves (gruide-curves) of development for one and the same lo- 
cality, and because it prevents the forester from drawing curves of growth 

at random. 

If die sample trees (or sample log^) are sawn up at a saw mill where 
the lumber is properly graded according to the inspection rules prevailing 
for die species in question, the volume tables may also give die actual 
average output of specified trees in Itmiber of the various grades. 

SECTION XL— INCREMENT OF A WOOD. 
I^ARAGRAPH XQ. 

XNCKBMINT OF POKBSTS. 

The volume increment of the virgin forest is on the whole nill. 

In America die value increment of a primeval forest is based more on 
a price increment of stampage dian on a volume increment of trees. The 
volume increment, in addition, can scarcely be ascertained with sufficient 

accuracy for a given piece of forest at a reasonable expense. 

In second growth forests, on the other hand, say in Virginia, an abso- 
lute knowledge of the prochictiveness of the forest renders forestal invest- 
ments safer in the eyes of the owner; and the safety of the investment it is 
wludi alone can tempt the ca^talist to Invest m forestry. A knowledge of 
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the merement in second growth woodlands can be olitained from tabulated 
statements ("yield tables") showing the rate of growth for woodlands of 
a given spccic<5 in a given locality. Under normal yield tables are under- 
stood such tables which give the rate of growth for evcn-etred, pure, nor- 
mally stocked, well thinned woodlots for given localities (compare Para- 
graph LIII. and XCIV»). 

Sttcfa normal yidd tables are constructed abroad for beech, pine, 8|wiic«» 
fir and oak. In this country they exist only in Pinchofs and Graves' 
yield tables for white pine. In America, pure even-aged woods are found 
in rare cases only (taeda, echuiata, rigida, jack and longleaf pines, tama- 
rack, coppicewood). 

In the construction of normal yield tables the following points require 
consideration : 

1. The different methods of construction (Paragraph XCII.)* 

2. The combination, interpolation, adjustment and correction of the 
resulu (Paragraph XCIII.). 

3. The contents and use of yield tables (Paragraph XCIV.). 

PARAGRAPH XCII, 
iinBODS OP ooNSTBucnoN or NoaMAL ynui tablbb. 
Normal yield tables may be based on: 

A. Repeated surv^ of some typical woodlots during dieir cnthre life- 
time. 

B. Repeated survey of different woods standing on an equal quality 
of soil, during a period of years equal at least to the longest difference in 
age found amongst them. 

C. One-time^ simultaneous survey of a very large number of woods of 
different ages standing on different qualities of soil. Missing links are 
here obtained by graphic or mathematical interpolatk>n (FBragraph 
XCIU.), ' 

If tables are constructed by repeated survey of several woods (B), it 
is often found that the links cross <me another for unexplainable reasons. 



PARAGRAPH XCIII. 

GATHERING DATA VOK NORMAL YIELD TABLES. 

In order to see whether or not two woods, in the case C of the pre- 
ceding paragraph, belong to the same chain of growth, two methods are 
in use: 

A The horn or curve mediod, after Baur. 
b. The stem analysis method. 
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Remarics on a: 

The contents and age of all woods (normal) surveyed arc plotted \n a 
diagram, the age fbrming the abscissa and the volume the ordinate of die 
system. 

Curves are Hktm drawn ondnihig the maxuna and odntma of growtfi 
observed 

The horn-shaped space between these curves is divided into a number 
of sectors equal to the number of yidd classes to be distinguished The 
middle line of each sector illustrates the productiveness of its dass. 

Ttut average height growtfi is obtained in a similar way, tiie height data 
forming the ordmates in a system of co-ordutates. 

Baur finds that the allotment of a given plot to a volume-sector corre- 
sponds with its allotment to a height sector. In odier words, the height 
is, after Baur, an absolutely reliable indicator of the quality of die soil, 
or, what is the same, of the yield dass. 

The growth of sectional area, height and volume bdng known, die 
devdopment of the form factors for the various sectors is readily ob- 
tained from the fraction — 

»X h 

Remarks on h: 

An analysis of the average stems in lots survqred would not dirow 
any light on their connection as members of one and die same diain 

of observation. After Robert Hartip, the 200 stronjijest trees arc analysed. 
After Wagcncr. the ideal cylinders merely of these 200 strongest stems 
are analyzed by ascertaining their height growth and their diameter 
growth at breast height. Weise and Schwappach are satisfied with an 
analysis of the hdghts merely of die 200 best stems. 

The selection of sample plots is not easy, even in second growth raised 
under forestal care. A valuation survey establishes for each plot the 
number of stems and the sectional area for eadi diameter dass of stems 

(usually dividr 1 into 5 classes) ; further, the average age and the average 
height of the lit T!u volume is then figured out, usually, according 

to the Draudt-Urich method. 

The experiment stations maintained by the European Governments 
control the (growth of a large number of experimental plots, which should 
not be smaller than 3^ acre each. 

The sample plots are corner marked, and, more recently, the individual 
trees contained therein are nnnibered consecutively. Surveys of these 
plots are made every five years. The point of measurement is indicated by 
a dialk line. 

In America normal sample plots have not been established as jret by 
die Bureau of Porestiy in second growth. The sample plots at Biltmore 
do not represent a normal second growth. 
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PARAGRAPH XCIV. 

NORMAL YIELD TAVLKS^ THVOt FOKPOSES AND OONTSKTS ABBOADi 

Normal yield tables are especially used for the following purposes: 

1, To ascertain the quality of the soil (tf. g., for taxation). 

2, To ascertain the volume of the mowing stock. 

3. To ascertain future yields of the forest. 

4. To solve problems of forest finance, especially those of forest ma- 
turity (length of rotation). 

German normal yield tables have the following contents: 

A. Tables for the main forest — the secondary forest comprising such 

trees on the same lot as are about to be removed by way of thin- 
ning: 

(i) Age, graded at five year intervals, 
(a) Number of trees. 

(3) Sectional area at chest ■ height, inclusive of bark. 

(4) Average diameter. 

(5) Average height and hd^t increment 

(6) Volume in cubic measure arranged according to assortments 

as logs, fuel, bark, etc. 

(7) Periodical and average annual volume increment 

(8) Increment percentage. 

(9) Form factor. 

(10) Normal growing stode. 

B. Tables for the secondary forest, giving merely its volume, which, 
as stated, is to be removed by way of thinning. 

Circular 445 of the Bureau of Forestry defines "future yield tables" as 
follows: "A tabular statement of tiie amount of wood which, after a 
given period, will be contained in given trees upon a given area expressed 
in board feet or some other unit" 



PARAGRAPH XCV. 

BKTSOSPICTIVB VIltD TABLES. 

In "retrospective" yield tables an aiicnipt is made to rebuild the grow- 
ing Stock as it was before lumbering from the stumps found on the 
ground and from stem analyses of the trees now standing. Prerequisite 
is a knowledge of the year in whidi lumbering took place and of the 
conditions of growth since prevailing. 

Method of proceeding: 

I. Make stem analyses and construct tree volume tables, showing the 
probable contents of trees for stumps of a given diameter and for given 
diameters b. h. * 
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X On land cut over n years ago, find tiy valuation Sttrvqr and stem 
analyses: 

a. The present volnme "R" 

b. The volume "y^ of the trees now standing as it was "n" years ago 
with the help of tree volume tables. 

e. From the stumps the volume 'V of die trees logged "n" years ago. 

J. A product of "F* units (with an nndergrowtii not fit for logging) 
has been derived in "n** years from an original stand aggr^ting *y' 
plus units of volume. 

4. Grouping hundreds of sample plots together, yield tables for local 
use are obtained. Misleading is, of course, the multiplicity of conditions 
(mixture of species, soils, original stands, pasture and fire) surrounding 
a <;ccond growth which check the applicability and the combination of 
the tables found. 

The tables are way 5:ip:n<;, not ways, tovrard a true knowledge of tfie 
productiveness of cut-over woodlands. 

PARAGRAPH XCVI. 

YIELD TABLES OF THE BUREAU OF FORESTRY. 

Bureau yield tables are meant to show the growth on cut-over land 
occurring within the next 10, 20 or 30 years, if a tract is logged to a 
id", 12" or 14" (or any other) limit. Bureau yield tables are based on 
tree volume tables and on an account of the numbers of tree individuals 
found in tfie various age classes of forest, viz., diameter classes of trees. 

The influence of the different qualities of soil on tree growth is not 
given, only one avcra)?c volume table bciiiR constructed. The volume 
tables show the number nf years which a tree retjuires to increa«!e its 
diameter b. h. by one inch. The volume tables record, in addition, the 
volume increase corresponding with such diameter increase. Applying 
tfiese findings to the stumpage presumably left after logguig, the volume 
can be ascertained which is expected to be on hand ic^ flo or 30 years 
later. The volume growth is forecasted, as if it were tdcing place under 
primeval conditions. 

The Bureau neglects entirely the death rate of trees, due to natural 
causes and especially high amongst seedlings and saplings, or else due 
to tfie logging operations tiiemselves. The results forecasted in tiiis way 
must be invariably too high. 

Pinchot's Spruce Tables (The Adirondadc Spruce, p. 97) are based on 
similar premises: 

a. Construct volume tebles by stem analysis (stump-analysis) on land 
cut over for a second time, thus showing rate of growth for trees left 

standing at the first cut. 

b. Construct tables, by actual measurements in the woods, giving the 
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number of trees of the various diameters, oompostng a stumpage of from 
1,000 to 12,000 feet board measure. 

c. Predict die number of trees and their exact diameters to be found 
TO, 2o or 30 years after logging, according to sevens of logging (diam- 
eter limit). 

A With the hdp of the volume tables, give the contents of these trees. 

In these tables as wdl, tiie death rate amongst trees is disregarded. For 
normal death rate, conn ^ r* Pindiot's "White Pine," pu 8g^ ff; also remarks 
at end of Paragra^ LI V. 



PARAGRAPH XCVII. 

THE INCKKMSNT OF A WOODUOT. 

The current as well as the annual average increment of normal, evcn- 
aged woods culminates at a much earlier date than the increment of the 
trees composing such woods. The explanation lies in the death rate of 
the trees. 

Under a close crown density in even-aged, normal woods, the stronger 
half of tiie trees yield, from tfie pole stage on, practically all tibie incre- 
ment, the weaker half of the trees being almost inactive. 

The better the f;tiality of the soil, the earlier occurs the culmination of 
the increment; coii.st<]uently, on good soil, shorter rotations are apt to be 
advisable than on poor soil. 

Light demanding (intolerant) species show an earlier culmmation Aan 
shade bearers (tolerant) species. 

For white pine woods, after Pinchot, the years of increment culmina- 
tion are as follows: 



Culmination 


For entire vcSume with 
bark in cn. ft. 


For volume Doyle hi 
ft. b. m. 


of 


I. 


II. 


III. 


I. 


II. 


ni. 


Current inert.... 

Avcra;:e iriLrt . . . 


40th 

6oth 


joth 

8oth 


6oth3rr. 

looih yr. 


70th 

M5th 


70th 

i6oth 


iiothyr. 

2ioth yr. 



I denotes best; II denotes medium, and III denotes poorest quality of 
soil. 



The increment of a woodlot, whether normal or abnormal, can be 

obtained : 

0. With the help of yield tables. 

d. By special investigations made into the rate of growth of sample 
trees (Paragraph XCVIII.). 
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c. With the help of the avenge annutl increincnt of the woodlot (Par- 
agraph XCIX.). 

The incrtineQt of a put period is never exactly equal to that of a 
future period, unless the ag^ of thf wrnxls is close m thnt year at which 
the increment culminates, 'i iic increment percentage during a past period 
is always larger than the increment percentage during a coming period 
(aside of temporary increase due to lis^t^inerement). 

The general laws (Paragraph LXXV.) relative to the culminatioii, 
increase and decrease of increment hold good for the voltime increment 
of woodlots as well as for that of trees. 



PARAGRAPH XCVIIL 

ASODRTAINmc TH8 TWCRBMVinr OT WOODLOTS SV SAMPLE lUBS. 

The current annual volume increment and the volume increment per- 
centage of a wood, from which its maturity largely depends, can be cor- 
rectly found only by a valuation survey, combined with an investigation 
into the present rate of growth exhibited by a number of sample trees. 

Borggreve recommends to gauge the increment of the sample tr ee s by 
tiie Schneider increment percentage. This is usually insufficient. 

The correct volume increment percentage /» of a woodlot is ohtnined 
from the volume increment percentage pi, p«, ps, p* and pji of the class sam- 
ple trees — which represent class-volumes vi, vj, vj, Vi and v& — as 

Where tiie form heights of the classes differ sli^tty only, the sectional 

areas of the e1a';<;es may be substituted for the volumes of the classes. 

Again, where classes of equal sectional area are formed (after Robert 
Hartig), there the volume increment per cent, of the woodlot equals the 
arithmetie mean of tfie volume increment percentages of tfie sample 
trees, so (hat 

_ Pi + P» + P« -I- P« + P» 



PARAGRAPH xaX. 

CUKilENT INCREMENT ASCERTAINED FROM AVERAGE INCREMENT. 

Within certain limits, a short time previous and a short time after the 

culmination of the average annual increment, the annual average incre- 
ment equals the cnrrcnt increment and ran be used in its place as a basis 
for yield calculation. European Governments frequently prescribe this 
modus operandi for yield forecasts in working plans. 

6 
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CHAPTER IV.— LUMBER 

■ 

PARAGRAPH C. 

UNITS OP LUMBBB *KBASUIBMBMT. 

For rough lumber one inch thick, or dtidcer, the unit of measure, known 
as one foot board mea5;ure, is a square foot of lumber one inch thick. 
This unit is the i/i2th part of a cubic foot. 

For rough lumber thinner than one inch, the unit of measure, also 
known as one foot board measure, is the superftcial square foot, and the 
thidmess of the lumber is here entirely disregarded 

AH dressed stock is measured and described as if it were the full size 
of the rough lumber necessarily used in its manufacture. "Inch flooring," 
e. g., is actually 13/16 inch thick; and "H hich ceiling" is actually 5/16 
inch thick. 

Standard thicknesaea are: 
ill if l> t* 2|,33C4". 

Standard lengths are: 
in hardwoods 6 to 16 feet; 
in softwoods 10 to 24 feet. 

In both cases, lengths in even feet (not in odd feet) are required. 

A shortness of 1" or 2" in the length of hardwood boards is disregarded. 

Standard defects are • 

I. In hardwoods; one sound knot of i\" diameter; 

one inch of bright sap ; 

one q»Ut, its length in inches equaDbg the contenta of 
tiie board in feet b.m. 

II. Inaoftwooda: sound knots, viz.: 

(a) pin-knots of not over J" diameter ; 

(b) standard knots of not over ij" diameter; 

(c) )arg:e knots of over diameter; 

pitchpockets, viz. : 

(a) small pitchpockets J" wide; 

(b) standard pitchpockets up to |" wide and up to 3' 

long; 

pitchstreaks, viz, : 

(a) small pitchstreaks not wider than ^ the width and 

not l<Miger than i the length of board; 

(b) standard pitchstreaks with dimensions up to twice 

as large as given under (a); 

sap, viz. : 

(a) bright sap; 

(b) blued sap; 

splits, wane, scant width, tongues, less than A" l<»V* 
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The point at which a defect is located greatly inflttenceB its effect on 
the grade of the lumber. 

The two faces, tfie two edges and the two ends of a board must be 
parallel. In case of unevenncss, the thinnest thickness* the narrowest 

width and the shortest length are measured. 

Lumber is measured with the help of a lumber rule (Lufkin rule) which 
yields for inch boards of given lengths and given width the correspond- 
ing contents in feet h. m. 

In measuring the widths, fractions of an inch are neglected in rough 
lumber. 



PARAGRAPH CI. 

INSnCHON BULBS AHD NOIIENCLATUBB. 

The lumber inspection prevailing in a given market is governed by 
local custom or by agreement within the body of local associations of 

lumbermen. 

The tendency of all inspection rules is directed toward a gradual lower- 
ing of rigidity. 

The wholesaler's inspection is generally stiifer than that oi tiic manu- 
fsctarer. Diversity of rules is a sadly demoralizing element in lumber 
circles. 

Lumber sawn for special purposes (f. g., wagon bolsters) must be in- 
spected with a view to its adaptatnlity for such special puipose. 

A. Hardwood. The grade of a board depends on 
I. Its width and length; 
a. Its standard defects; 

3. The percentage of clear stock contained therein; 

4. The number of cuttings yielding such clear stock. 

The following table shows average specifications prevailing for tiie 
various grades of hardwood lumber in the U. S. marlMts. 

The defects specified invariably indicate the coarsest stock admissible 
in a given grade. 
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Hasdwood Lumbsr SFBcmcAnovn. 



Designation 
of 


Minimum 


Actual 


Allows of 


Len'h 
feet. 


Wi'ih 
inch- 
es. 


Length 
feet. 


Width 
inches. 


No. of 
standard 
defects. 


Rate 

of clear 
stuck. 


Con'din 

c't'n^not 
more than 




lO 

* « 

8 

lO 

» • 


8 
8 

6 

• • 


lo & over 
lo & over 

8 

8 

xo & over 
lo ft over 
lo & over 
lo & over 


8 & 9 
lo & over 

8 & 9 
lo & over 

6 & 7 

8 & 9 

lO & 11 

1 3 & over 


none 
oiie 

none 
one 

none 

one 
two 
three 


73 
o 

e 


• 

S 
O 

>. 

(ft 

.2 
*«-> 

£ 




MO. 1 com. . ■ 


6 
8 

• * 

• « 


6 
4 

• • 
« » 


6 
6 
8 
8 

8 & 10 
13 to t6 


6 to 8 
9 & over 
4 
5 

6 & over 
6 ft over 


none 
one 
none 
one 


all 
all 
all 
all 

1 


I 

X 

I 

I 

2 

3 




No. 2 Com... 


6 

» « 


3 

■ * 


6 to lo 
13 to l6 






\ 
\ 


3 
4 










No. 3 Com... 


4 


3 

• 








\ 


9 • 









B. Softwoods. Softwood lumber is inspected from its best side 

Undfr "edgegrnin" Is tmder?tood lumber the faci? of wh'ich forms an angle 
of less than 45 dc^^recs with the plain of tlie medullary rays contained in 
the board. All other lumber is termed "flat grain" or "slash grain," also 
'Iwstard graia" 



L FiMiskiHg Lmmlitr, i" to 3" thick, dressed one or two sides. 

I. First and second clear, 

up to 8" wide ; absolutdy clear ; 

10" wide ; one small defect permitted ; 

I a" and over wide; ^ of stock may ha^e one standard knot or 

its equivalent. 

8. Third clear, 

allows of twice as many defects. 

II. Flooring^ x" thick and 3" or 4" or 6'' wide before dressing; eithtf 
with hollow back or with solid back ; 

I. A, B and C flat grain flooring ; wherein "A" is dear and al> 
lows of one or two standard defects ; 

3. A, B and C edgegrain flooring ; with the same allowance; 

3. No. 1 and No. 3 fence flooring. 
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III. CnUt^g, I, I and | inch thick; 3, or 4, or 6 inches wide. 

1. ''A" ceiling and **B" ceiling, wi^ small defects only ; 

2. No. I and Mo. 2 common ceiling, witii one aud two standard de- 

fects, or their equivalent 

IV. Drop Siding, which is either "shiplapped" or "tongued and grooved;" 

it is I" tliick and 3^ or 5^ inciies wide. Grades A, B and No. i 
common. 

V. Bevel Siding^ which scales ^g" at the thin edge and J" at the thick 
edge, resawn from stock dressed to \ l" x 5^". Grades as under IV. 

VI. Partition, measuring |" x 3^" or \" x 5^". Grades as under IV. 

VII. Ctmmtm JBbtfdSt graded as No. x, No. 2 and No. 3 common boards, 
8", 10^' or is'' wide, dressed one or two sides, or rough. 

VIII. Ftmdng, graded as No. i. No. 2 and No. 3 fencbg, 3", 4'' or 6" wide. 

The grade "No. 3** indudes defective lumber with Icnot-holes, red % 
rot, very wormy patches, etc^ on } of the length of the board. 
Fencing is eithor dressed or rough. 



CHAPTER v.— STUMPAGE VALUES 

PARAGRAPH CU. 

STUMPAGE VALUtS. 

Forestry is a bn<;iness; the forest largely represents its business invest- 
nient ; its purpi \-- the raising of money, of dividends. 

Thus it is wiiii mvestments and the dividends therefrom that the fores- 
ter is eoncemed ; and it is die tade of "forest financeP' snd "forest manage- 
ment* to ascertain the factors and to regulate the oomponents of such 
mvestnents. 

Forest mensuration, as a subsidiary to forest management, may weM 
devote a chapter to the measurement of the stumpage value of trees. 

Stumpage value is the price which a tree brings or should bring if it 
were sold on the stump. 

The stmnpage-value of a tree dqiends on tiie value of tiie lumber con- 
taiaed therein and obtained therefrom, deducting tfie total expense of 
lumber production (logging, milling, shipping; incidentals.) 

Since the value of lumber fluctuates, as well as the cost of production, 
stumpage values are subject tc> continuous variation. The tendency of 
stumpage prices, all over the world, is a tendency to rise — especially so 
in countries of rapid development, rapid increase of population and in- 
adequate provisions for re^grdwdi. 
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The cost of prodoetioii U composed about as follows: 

I. Expense of logging and log transportatkm, vaxying locally be- 
tween $3 and $s ^fioaf b. m, 

a. Expense of miliing. vafying between $1.50 and Is per 1,000^ b. m. 

3. Expense of fre^tege of Inmber to the consuming marked 
amounting per 1,1000" b. m. to $1.50 for very short hauls; to 

$12 for a haul from Atlanta to Boston; to $21 for a hattl across 
the continent from Portland (Oregon) to New England. 

Freight rates have, in the long run, a decided downward tendency. 
Still, with a majority of the lumber produced in the U. S.t the item 
"freight" forms the chief expense of production. 

For Pisgali Forest a reduction of freight rates equalling i cent per 100 
lbs. involves a net gain for the owner of approximately $60,000. In this 
possibility lies one of the strongest arguments for conservative lumbering. 

An increase of the priM of lumber from $ao to $3i at the place of con- 
sumption endears the lumber to the consumer by 5% > the owner of the 
forest now valuing liis stumpage at $5 will eventually experience this in- 
crease as a 20% increase of stumpage values. 

The only factors of stumpage-values, which the owner himself — unaided 
by the development of the country — may influence consist in the expense 
of logging and log freighting, and in the expense of milling, the former 
largely depending on die quality of available means of transportation, the 
latter governed by tiie quality of the sawmill. 

In ascertaining the stumpage-valtie of a tree the forester considers: 

a. The cost per 1,006' b. m. of logging it, of milling it and of £rei^t- 
ing its tunber; 

& The volume of timber contained in the tree^ by grades; 
e. The value of sudi lumber, by grades. 

If a tree contains 
45% of lumber worth $31 per 1,000* b. m. 

It is necessary to find Stoetzcr's constant factor of hicrenient or to 
ascertain the relative increment of the sectional areas of the sample trees 
at 045 of their heists. 

35% of lumber worth $31 per x,ooal' b. m. 
15% of lumber worth $16 per 1,000* b. m. 
5% of lumber wortii S8 per 1,000' b. m. 

then the lumber value of the tree, per 1,000* b. nt, is 

4S X am> »5 X >l + 18 X 16 -I- & X a 
— tM.lO 

100 

Deducting from this figure the expense of logging, milling and freight- 
ing, the actual stumpage-value, per i,ooo* b. m., is derived. 

The actual prices paid for stumpage in the U. S. fall deeply bdow the 
figures which a test-calculation is apt to yidd 
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This discrepancy may be explained, above all* by 

Ignorance of owners of stumpage; 

Agents' and dealers' profits ; 
Incidental expenses overlooked. 

Stumpage^values show a rapid decrease with the increase of tiie dis- 
tance separating the tree from the nearest railroad or stream. 

The ernfics of himher and tlicir prnportinn obtainable from log<; of 
given species, diameter and soundni.-s'; (including presence and location 
of defects) can be ascertained only by test-suuing in the mill. 

This has been done in 1896 for yellow poplar at Biltmore (handsaw 
mill). The stompage-values then ascertained are shown by the follow- 
ing table: 



Makkst Vai^xib ov Fdn^ Stumpacs m Wbstsrm North Cakouna, Put 

Trbb, in Cents. 



be 1 


Under pood | 

condit ifuis. 


Under avt ni^'c 
condit ions. 


Under poor 

condit ions. 


1 Diam. 
inches. 


I^RiOK nnil Milling? 
HKIO f«<>t n. M. 


1.1 


I.i^lJjfinK and .NfillhiK 

> b<jjig per 

lijon f<ft B. M. 


Q.E 


Li^RKDiK MiliinR 
pxi'rn.'O'- ►jping per 


$9 


Sio 


1 

s.. ; 




f 10 


Si I 




MO 




100 


• • • • 










Neca- 


Negm- 








N«ea- 


Net»* 






tive. 


tive. . 




live. 


tiv«. 


Uv«. 




tive. 


tiva. 




I90 


18.8 


8 








It 


II 


<< 




•< 


«< 


41 


1 40 




40 


25 


<< 


tS 2 


4 




t 1 




11 


<< 


<• 


t&Oi 


23.5 


105 


- 2 


2 ; 


JO. 4 






i 1 




<( 


«( 


it 


i8o{ 


as? 


265 


170 




"4 






( 1 




<i 


<< 


** 


2CX> 


27 ■ 7 


4-4 .S 






^\ ^ 








I H . 5 






t4 


220 


29 6 


620 






2G.0 




200 




20.0 


7 




II 


240 










27-5 


430 




2TO 


21 .3 


27 


3 


II 


260 














460 




23.1 


60 


25 


•' 
























45 


« 




« * • ■ 






















5 


















■■•1 




::: 




30 



Foot N- OTP : Dots below a column of figures indicate higher values, not 

specifically ascertained. 

The values above the columns of figures are all negative and were not 
ascertained specifically either. 



It is to be hoped that similar tests mil be made for our leading species 
on a large scale by the U. S. Forest Service or by Hht various associations 

of ItjiTiber manufacturers. Conservative forestry as a business badly re- 
quires data allowing to estimate the actual value of logs, and hence of 
trees, if the uncertainty of financial results now checking the progress of 
conservative forestry in America is to be definitely reduced. 
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INTRODUCTION. 



The followinic Instruetiona grive In detail tbe methods of reconnais- 

suiu e which have Ikm-h authorized l>y the Forester and by tho District 
orflce for District I. They are based on the conduct of Intensive yro- 
jeots by standard crews. They should also be applied, however, to 
<'Xt» i(si\ f projects and to eases where circumstances make it nec essary 
that very small parties or even Individuals examine bodies of timber 
in preparation for a sale. In intensive projects of standard size, devia- 
tions from these instructions should be made only with the consent 
of the District Office. 

EXTENSIVE RECONNAISSANCE. 

For the intelligent selection of areas which wili nialce attractive 
logKint? chances and which later may need to be covered by intensive 

recnfiuaissanee, and to make po88il)Ie a fair division of reconnaissance 
funds between Forests to secure data for use In a rough calculation of 
the annual growth and also of value fi»r other purposes in the admin- 
istration of the forest, a systematic cataloKlnn of timber resources is 
of vital imp'ortance Supervisors should, therefor.', take advantam* of 
every opportunity to complete extensive reconnaissance over their 
Forests This work ran be done in many eases for each ranfcer district 
by the RaUKcr in r hrirtre. but should be dtroctrd by fSfimo f>n<- ninn on 
each Forest who is responsible for assembling and checking all the data 
received. 

Th* data which shiMiid be obtained In connection with extensive 
reconnaissance is as follows: 

1. A type map usually on the scale of one mile to the inch, the 

typinj^ being ui. a ratluT hrna*! fi.asi8. 

2. An age class may similar to the type map. 

3. An approximate estimate by species for each watershed. 
Considerable variation in methods will be necessary due to differing 

'ocal conditions In Reneral much cruder and more rapid methods than 
those described In these instructions will be necessary Under normal 
fronditions one man working alone should cover about a township a 
-veek The details of these instructions for intfusive rectiimalssance will 
ubviuusly be merely suBgestlve as to the methods to be used. 

INTENSIVE RECONNAISSANCE, 

Object and Scops — The object of all Intensive reconnaissance Is to 

secure data f»>r (1) timber sales and (2) working plans. While the 
'ormer oiiject is immediate and the latter may be postponed, tl»e recon- 
naissance data collected should be suffii iently Inclusive so that no sub- 
sequent field work is net essary except to se<-urc estimates *if U>KK'\ng 
cost for stumi aue api raisals and to determine the exact sale boundaries 
after applications have been received. 
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The data required for these two purtoaes are, iirst, a map shuvviiig 
toposraphy. culture.. Forest types, a^e classes and other Information; 

s*i <>iul. t'stimatf's liv < r<n\ «Miient subfUvlslon In siu h form as t«> be of use 
both for sales and for re^^ulatinK cut; and third, descriptive notes cover- 
<n(r the sllvlcultural conditions and the factors affectlngr logglns. 

Selection of Areas to Be Covered Tbi- foIlowitiK itrinc iples will 
Ifovern the order of selertion of areas tn i'>> covered: 

1. Ar. as fi.r whi. h formal or informal sale applications have been 
received and where sales are desirable. 

2. Areas within which desirable sales can undoubtedly l>e made In 
the near ftitupe if recftnnaisMnnfr data nrv available 

3. Divisions in which there is danKer of overcutting either in large 
or small sales, (a) In excess of the amounts which should be reserved 
for lofvil neei!^ aiiil in L;ii:iraiit.> i[if^- a i-i-asrniable operatinir lU'e for 
itnpruveincnts constructed In connection with sales, and (l>> in excess of 
sustained yield. 

For the i resent it will he necessary to limit reconnaissance strictly 
to areas of the first class. 

PRELIMINARY FIELD EXAMINATION. 

To insure that a proposed project falls into this first class, a pre- 
liminary field examination should be made. The mere fact that an 
U 1 !1' ation hHS lieen recr^lvnd rloi s- not always m» an thnt a sale is 
possible or advisable. This preliminary examination should be made 
well in adi'ance of the beKinninK of actual field work and, if possible, 
by the man who will have charKe of the project. 

POJNTS TO BE COVERED. 

1. Thr» fl( sirnbility and pfo!vHl>illty of an innii- 'liat* sal- 

2. Tivat portion of the area which should i»e covennl hy reconnais- 
sance. 

Th'^ maps and other data avaHable for present use. 

4. The plan of topoKruphic control. 

5. The per cent of the area which should be estimated. 

6. The size and orw^ani/ntion of thn j arty. 

7. The equipment needed, transportation faoilitles. trail construc- 
tion necessary, possible camp sites, etc. 

8. A tentative division of the area into lout^h u units. 

9. I^vlations, if any. considered advisable from these instructions. 

EXTENSIVE RECONNAISSANCE MAP. 

if not already in existence, an extensive rei-onnaU>saiice ntup should 
he prepared in connection with the preliminary field examination. On 
this, much of the above mentioned information can be entered. 

PRELIMINARY PLAN. 

As the resnlt nf this examination the preliminary plan l -- j re- 

pared in co-operation with the Supervisor by the man exainumiK the 
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area, for the a|:provaI of the Platrfct Forester, and should be a solutiuii 
of the above points under examination. Unless modified by the District 
Forester In wrltinK. this plan of work will remain in efft-ct until the 
project is completed. Subsequent projects on the same division or 
Forest 9hould l>« carried on as far as poaslble along atmllar lines. 

DISTRICT OFFICE SUPERVISION. 

The preliminary plan will be checked, where considered advisable, 

by nno or mnrr representatives from the District office, including. If 
possible, the loKgln^s engineer, who will ultimately appraise the timber. 
As soon as practicable after the actual field work has commenced, a 

representative of the Distrirt fifficp will \i<?lt the rrew to assist in 
liiiiti|$ up the work and in standardization of methods. 

METHOD OF WORK. 

Th« reconnaissance field work Is to be done by what is known as 
the strip system. The principle of this fs that parallel strips located at 

definite Intervals are t-.sitlmated carefully and taken as samples repre- 
senting the whole area. These strips are usually one chain in width. 
The distance between strips depends on the character of the timber und 
varies from one-elKhth to one-hulf mile. While the strips of each . ? ; 
are run parallel to each other, the ppnernl iliroctlon chosen Is that which 
cuts the druiiia^L'S most nearly at riKht aoKles (as better averages are 
thus obtained) and at the same time Rives the shortest distances between 
control lines. In j»nrvovfvl ffuiTitry, hr>wi»vcr. the canliiial directUni 
most nearly »utisr.\lnK this condition is chosen. The estimatiuK of the 
strips is done by crews of two men. consisting of an estimator and a 
romrJif^niaii The data obtained are a tally of each tree standing on the 
strip by diameter, in inches breast high, und by height, in 16- foot logs. 
Computation of this data is hy means of volume tables which show the 
average <-ontent8 in bfiard tnfa.«!>irp. by sreri("'S, of treef? of each Ki\<-n 
diameter and height. Since these volume tables are baaed on sound 
timber, a deduction must be made for defect If any Is present. The 
estimate for a 40 ur uthi i- niiit is olitaint-d by multiplying the \ulnmc of 
the timber on the strips run within that unit by a "Correction Factor." 
which represents .in the judgment of the estimator the ratio between 
the timber on the unit and on the strip. 

ORGANIZATION. 

Ths standard orsw Is as follows: 

Chief of party. 

Draftsman. 
Four estimators. 
Four compassmen. 

Cook, packers* or teamsters, etc«, as needed. 

The Chief of Party should be a man thoroughly trained in recon- 
naissance work and of Rufflrient executive ability to secure accurate and 
effeotWe work from his crew. 

— 8— 
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The draftsman shotild Ive not ou]y an efficient draftsman, hut also 
sufficiently acquainted with topoKrajihle slcetching to he able to checK 
and Instruct the field men alonnr this line and to adjuat IntelUffently 

conflictfiifr fiei.i shoets. Exi .Ticiu with the tranait and other Inatru* 

ni^ iits IS also a desirable qualification. 

The estimatera and compassmen should, if possil)le. have hnd rrovl- 
ous experience or training In reconnaissance. At least 50 per cent should 
have had prevloua training In Foreat Service reconnalsaance crewa. A 
Forest school ofliiratioii Is an asset. PrmMnna experioru-r In timber 
cruisinsT alone, while extremely valuable in the right type of man, is not 
so frreat a qualification aa a knowledge of reconnaissance methods and 
a rea<l> adaptaMlity tr. woods work. Thi.s is b. ranse in reconnalSSanCQ 
more than a mere cruise of the timber Is being secured, 

RESPONSIBILITY FOR THE PROJECT. 

The Chief of Party is responsible directly to the Foreat Supervisor, 
who. in turn, la. of course, responsible to the District office. While it 
is often found convenient that the crews be organized by the District 
office and transferred from Forest to Forest in accordance with the 
needs of the work, yet each crew, while on a given Forest, should be 
considered as much a part of tiiat Forest's organisation as a crew 
engsised In any other line of worlc. 

DUTIES OF THE CREW MEMBERS. 

Followiii^c Ls a brief summary nf the duties of each memb. r of the 
above listed organization. The details of their work are explained on 
later pages. 

CHIEF OF PARTY. 

1, Prejiarr the preliminary i I'ln. 

2. Have direct charge of the personnel of the party; maintain its 
efficiency; have full authority in consultation with the Supervisor in 
releasing unsatisfactory men. In hiring and In fixing the rate of pay of 
temporary' employees. 

8. Asaunte direct responsibility to the Supervisor for all work done 
on the i)roj('( t. This responsibility can be i roperly assumed only when 
tlie Supervisor delegates ample authority to the Chief of Party. 

4. Select and train one of the members of the crew as an Assistant 
Chief of Party to act as Chief of Party In his absence. 

5. Dcb'Katc- authority when necessary to permit himself amjile time 
for afqujriuK familiarity with the country to be covered, for chct^Klny 
the character of the field work done. . tr 

Provide for systr^matic rfritrdiui; and Tiling; of the data coi'cct<d. 
ao tljat they can be turned over to a successor, it necessary, (or c«:m- 
t'letlon. 

7. He rcsrnnsibie for tho rrtmpllation and final completion of the 
field data and of the summaries. 

8. Submit a brief monthly progress report in duplicate to the 
Supervisor, the extra copy to be forwarded to the District office. 



f* Is. rp rec ords of the coRt of the work and submit comt reports as 

hfreiimtter described. 

ESTIMATOR. 

1. Estimate the timber (Form 494). 

2. Note the silvlcul data (Form 494). 

3. Assist the c-omt assniaii in determitiin^; the boundaries of typo-?, 
age classes and of the merchantable timber, and the density of the 
Stand, and determine the age class by use <>r t)i< axe where necessary. 

4. Assist the compassman by consultation in noting: the loKgtnR 
data. 

5. Compute the estimate sheets. 

COMPASSMAN. 

1. Direct th*' ( (iTirsc of thr Hne by oompass. 

2. obtain distances by j acinK. 

8. Obtain elevations by barometer or Abney level 

1, N'.)tir> the e8timatt>r at thr vn<\ of oarh 40 nr other unit dftor- 

mined and leave a mark to deslKuate this point, which may be easily 

plolced up by anyone wIshInK to check the work. 

5. ('ht - k his liiif for distance and direction on section corners or 
established control points. 

6. Map in the field the area traversed (Form Includlnit topo- 
ftra] ]i\ . • ulture. types, boundary of the merchantable timber, density ot 
timber or normality.* 

7. Note the loK^inK duta (Form 493). 

6. Assist the estimator by consultation on the silvlcal data. 

DRAFTSMAN. 

1. Check, and corre« t. if necessary, the eompassman's field maps. 

2. Compile these maps into a base ma(:. 

3. He custodian of the camp property and records. 

CONTROL METHODS. 

The 1 rinciples novniitij^ the •<«-|pition of a ?'>««teTn «»f control and 
the field methods invol\ eii In running the contnd lines are covered in 
the instructions for topoftraphic survey. 

THE ESTIMATE. 

The per cent of the afCS to be covered by the t'lvii s deijends upon 
ihv vliarMi trT -.f" ihf tiinlu-r. In iliiilu r of snmll size, where the stand 
is t'sseiuutli.\ uiiilorm, where com^arattv ely lillle underbrush is present, 
or where the timber Is of relatively smalt value, a 5 per t ent estimate 
i.s fuf f i' ft-trt. Wher*' th»* tintber i.«? larsre. tineven in dlstrU'iitlon. or con- 
sideriitjle value, and where underbrush Is dense, a 10 per cent estimate 
Is necessary. In extensive areas of Krass land, brush, etc.. a per cent 
estimate Is sufficient. A 10 per cent estimate requires two strips 

*See Appendix under "Normality Description." 
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tlirou)?h each 40 or Its equivalent; a 5 per cent estimate, one; while for 
the 2 '4 per cent two strips throuKh each section or Its e<|uivalent is 
required. In Keneral, 5 per cent is considered standard for the lodgepole 
region, and for th« 8inall(>r and more uniform timher of the white pine 
r*»slon. while 10 per cent shotikl be lised in most cafes in the more 
valuable white pine stands. The more Intensive estimate ia aiao neces- 
sary in the caae of Isolated government forties, surrounded by aliena- 
tions. The tmit of estimate should be the 40 on surveyed ground, while 
on unsurveyed, the unit should be adopted by the Chief of Party 
usually on the basis of \ogB\ng units. On surveyed «rround. a alnflrle 
sheet (Form 494) should be used for caoh -in .xrfpt whnre the 40 lies 
within two distinct loKKinK units, when separate sheets should be used 
for each. Similar principles should govern the use of sheets on onsur<- 
\ e\-e<l projr> ts. but timber on not to exceed two acres should be tallied 
on a single sheet 



Form 494 should be used for securing the estimate. In the case of 
surveyed land the township, ran^e. section, forty, and meridian should 
be entered at the head of each sheet and the 40, with the direction lit 
which the strip or strips are run. also noted by means of an arrow In 

thr- M.M k of sciuare«. In unsurveyed areas the location of the sheet 
should be identified by township and ranse, if possible, and by such 
numbers and letters as will clearly correlate the estimate sheets with 
the draftsman's bas.' mai' The initials of the conir ■"is-'*man and estima- 
tor, a.nd the date should also be entered in the proper space. A vertical 
column should be used for each speclea Use of a miscellaneous column 
should be a\ i»l<b fl. The horizontal columns ahoultl be iniinbtTed by one- 
inch classes in the lodgepole region and by two-iuch classes in the white 
pine region. The minimum diameter to be estimated is 8 Inches. The 
tallying of the trees is by numbers ex i>rf.s.HinK their height in mer- 
chantable logs. i. e., a 4 entered in the vertical column headed "White 
Pine." and in the hori/ontal column headed headed "20" represents the 
whito pine tree 4 logs in height and 20 Inches in diameter. In case the 
numlier of trees to be tallied Is so great that the space for a given size ' 
will obviously be insufficient, a condensed form of tally is made possible 
by the use of thn dot system, tol lowing the number or numliors t xpress- 
Ing the height. In tall> inw. tii«' <1. b. h. ("(Tlatni-b-r breasthi;?h i is ot.taincil 
by ocular estimate, chedting the eye trequenlly by the Blltmore sticic 
<or diameter tape or calipers, if Blltmore sticks are not available.) The | 
hritrht of the trees is obtained by ocular estimate, checking the pvp by 
pacing windfalls wherever available and by the use of the hypsometer, | 
If not. The width of the strip should be frequently checked by pacing 
out to doubtful trees. In types where a lartrc number of unmcrchant- j 
able trees are present (as in the case of white pine with its defective j 
cedar, hemlock and white fir) a column should be reserved for a tally . 
of these unmerchantable tree.s. A column should be also used for any ■ 
special pruducts present. In a cedar pole column, for example, the 
d. b. h. figures should be disregarded and the column should be divided 
Into four parts headed respectively "25 feet," "30 and 35 feet," "40 and 
45 feet," and "60 and 55 feet." A column for cedar Iors Is usually neces- 
sary to take care of the butts of trees from which a pole can be 
secured from the tops. The logs should be tallied by top diameter 



ESTIMATE SHEET FORM. 
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oppnpit.:' the proper fiptire of thf d. h. h. column. A column for ties may 
be useU where considered advisable, but the use of the regular form of 
tally supijiemented by tie volume tables when separate tie estimates are 
advisable, Is preferable. 

CULL. 

Since the volume tables are prepared on the basis of sound trees, 
it Is ri< ( ( .ssary to estimate the percentage of the cull for each species 
found on (lip strip I>efi'<'t of all sorts should be entirely han<llf»<i by 
this method rather than by reducing tlu: diameter or the height of indi- 
vidual trees tallied. The cull figures estimated for each species should 
he entered on Form 4J>1. Trors which are iibsohitply unmerchantable 
should be tallied in an u n m ere li an table tree column and the cull factors 
therefore need not take these Into consideration. In the case of very 
defective sperirs, as hemlock and white fir, where practical)le. n separate 
tally should be made of apparently sound and unsound merchantable 
trees. 

CORRECTION FACTOR. 

The correctit'M fui tor is thr> flRuro by which the estimatf for the 
strip or strips u ithm a given 40 or other unit must be multiplied to 
Blve the estimate for the whole unit. It Is usually obtained by dividing 
the Horf-a^e of the timbered area within the unit by the acrcacn of the 
timbered area upon the strip or strips. If the unit is solidly timbered, 
the correction factor In the case of a 10 per cent estimate is ordinarily 

10 and of the S per rent estimate. 20. A further dlSCUSSlon of leSS 

obvious cases is to be found in the appendix. 

COMPUTATIONa. 

Eatjh estimator may be held responsible for the compulation of his 
estimate sheets, or such other arrangement made r< r handling this part 
of the work as Mprms best to the f'hlef of Party. The volume of each 
size of tree tallied is obtained from the proper volume table and multi- 
piled by the number of trees of that stse as shown by the tally sheet. 
This step In the operation may be eliminated by the use of the multiple 
volume tables given in the appeudix. An addition of each species 
column separately gives the "Volume on strip" of that speclea This 
figure should be entered In the proper space at the bottom of Form 494. 
These figures are then reduced by multiplyit»g by one minus the cull 
per cent the result being the "Volume on strip net." Multiplication by 
the correction factor th<'n «ive.'< thf "Volmnf on 40." 

The column for cedar poles Is merely totaled by height classes and 
the column for cedar logs Is handled similarly to the regular species 
estimates, using the Scribner Log Rule in place of a volume table. The 
number of logs and the number of trees by species is obtained by a 
simple count and entered In the appropriate spaces: ("Logs Xo." and 
"Trees No."); the "LiOgS per tree" results from dividing the number of 
logs by number of trees, and the 'logs per M" from dlvldlntr the number 
of logs by the "Vol. on strip net." The "Volume to cut ' need not be 
calculated by the reconnaissance men. but may be filled In, if desired, 
by the Supervisor. lOmlt if this heading is eliminated from the form). 
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Tho hrndincr on the back of this Form. "Location of Timber," 
should be used to indicate any conditions covered by' this heading not 
satisfactorily shown by the map. Notes such as "all cedar Is within 2 
rods of < r. ( k " or *"80' ^ of whitt- i ine Is on north slope** are o( immense 
value, and should be freely entered. 

THE SILVICAL DATA. 

The purpose of the stlvtcal data notes Is a description of the timber 

and ' ' ^hf site; from tho standpoint of silviculture. Its use is primarily 
to ai<t ii) determining the advisability of a sale and the sllvicultural 
method applicable. 

The silvical data which Is to be noted is ind!( at* d by lJu- headiiiRS 
on the bACk of Form 494. Observations should be made constantly 
while passlnir through the 49, and entries should be made before leavlni? 
it. If two strips arf taken In a given 40, the entry should \n- mad<- at 
the end of the first strip and these entries should be checked at the end 
of the second, any differences found being noted. The use of Initials 
E. and W. (east and west) and N. and S. may be used to indicate vary- 
ing conditions cin the two strips. 

The conditions of the stand is described by the use of one of the 
three words, thrifty, mature or decadent. Mature timber Is that which 

hiis J ass<-d ihi- point of rarld ^^rowth, \ntt has not yet comnK-m od to 
retrosade. In general, the age of mature timber is from 120 to 160 years. 
The words thrifty and decadent are sufficiently limited by this deftnl- 
tton of the word mature. 

Notes on damage inrlndo tiiat hy fire, by insects and by other 
asenciea The points to be noted are sufficiently Indicated on the Form. 

The average elear length of the timber should be noted for each 
si'pci**5» In in* ]c,ixB and half locrs. By "clear length" is meant that por- 
tion of the bole of the tree which Is practically free from branches, live 
or dead, and Is not included In the crown. 

Under "Reproduction" on the back of Form 494 Is Included only that 
repri»duction which is oi iinportance from the standpoint of future tim- 
ber crops. Young hemlock, white fir, for example, atandint; beneath 
mature white pine, will undoubtedly be largely destroyed In logging and 
i.«f not hfro to hr considprcd. Sm h worthlpss rpprodurtlon Is treated 
merely as "brush' under logging factors. The notes to be taken on 
young stands, and on the young Individuals in these selection stands are 
fully indicated bv tha headings on the Form. 

Soil i>= 'h'--( rit)(»d ])y composition, degree of moisture and depth. 
The word loam **hould be used to indicate any mixture of sand and 
clay* silt and clay, or either sand, clay or silt with humus which results 
In the crumbly ronsistencv fommonly IndlratPd by this term. By silt 
is meant siliceous material so pulverized as to have no gritty feeling; 
that is, it Is simply an exceedingly fine sand. It lacks the character- 
! =:t1c odor of clay aiid will not remain in snsponsion in still water more 
than a tew hours. Silt is not necessarily confined to alluvial deposits, 
Although there is its most common occurrence. Sandi elay and gravel 
need no definition. V,y fresh soil is meant soil containing sufficient 
moisture to be damp to the touch, but not sufficient so that drops can 
be expelled by pressure of the hand. Moist and dry are sufficiently 
limited by this definition of the word fresh. 
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IJy soil of rnoderato depth is meant that between six inches and 
two feet, with the words shallow :iiul deep limited aecordlnffly. 

Under the heading "Rocl<" should be entered tlic character of the 
underlyini? formation if it cua be determined, as giaaiie, shale, lime- 
Stone, .'tr. 

I'lult i undergrowth sl.ould i)e entered (1> iho stHH-ios in thtir order 
of abundance; (2>, the density of the patches of brush, etc., us open, 
medium or olose, and (3), the percentage of area covered by the patches. 

Tyjie. aKe ilas.s and density or normality, although Indicatcrl unly 
on the map. are strictly silvical characterietlcs, and it should be the 
estimator's duty to keep these factors in mind and to assist the com* 
passman in making the proper entries on hts map. 

THE FIELD MAP. 

The field map should b«> made on Korm 493, using the scale 4 inches 
to the mile to which this Form is adapted. 

On this map should be entered toiiography and culture In accord* 
an<""' with the Instructions for toj (iKra|;hi<- work. Types nnd age classes 
and the density ur the normality of the stand should also be indicated. 
The type and age class Is of Importance from the standpoint of marking 
which in turn dirct tl> Influ'MK-es the stumpauc vahi«\ and also friim the 
standpoint of yield studies. Density figures are chiefly of descriptive 
value. The boundaries of these types, etc.. should be Indicated by 
dotted lines and within h liKiimlary s\ ii\1hiI.s .-xpressiiig th*' tyyiv, .luf. 
class and density or normality should be entered. The minimum area 
to be dlsting^iiished as a separate type or age class Is 5 acres. Smaller 
ai. is, lio\v. \ . r, which are Imi t>rtanl by reason of special features of 
luiJuKrayhy or culture, such as small bodies of water, swamps, and 
barren or grass patches occurring In great contrast to the surrounding 
area, shoulil be shown on the map. In the appendix can be found a 
definition of the types and the symbols used to Indicate each. The 
boundary of the nu-rchantablr timber should also be deterniined as 
closely as possible by the crew. an. I ■ becked by the Chief «»f Party. 
Whi'ti at all praclical)h' this work will t - )io. ked by the appraiser dur- 
ing an early part of the field work. Tliiii niav be indltated on the map 

N. M. 

by the following symbol: — . — . — . Unless the line is very distinct and 

M. 

< crtain. the estimate .should always be earriefl ftnine little distan> . into 
the unmerchantable area. It is usually sutlicjcnt to merely complete 
the **40." For definitions of types and age classes see Appendix (Pg. ). 
In t Mtiiuatlnu « nnvn density in a yiv en < afe, the part of the total canopy 
space normally occupied by a full stand which is occupied by trees of 
all species whether merchantable or unmerchantable, of the same Ren« 
eral awe class, is desisnated by a figur.- 1 to 10; 10 representinu a fuH 
stand, in the case of a broken stand with the vacant spaces stocked 
with seedlings, the density figure will apply to the older stand and not 
to the reproduction. 

LOGGING DATA. 

The puri ose of the notes described under the term "Liugging Data" 
's a description of the surface t onditions of each unit from the stand- 
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toint oi loi^;;iiiK. These notes should be secured even If there is no 
merchantable ttmber at the present time upon the unit, since it Is prob- 
able* oither that merchantable timber upon other areas may hsn'e to be 
removed aeross this unit or that at some future date luKginjK operations 
will have to be planned on the baste of the present notes. This data 
is noted on tho bnrk of Form 494. Fnr the purpose of destrliitlon. the 
area la divided into three heads: general surface, major, and minor 
transportation routes. The groneral surface Is what affects the cost of 
loK&iiii-' in I lace, includlnf? felling, swamping, l)ru8h disj-osal, ski. Ming, 
etc. The minor transportation factors Influence such operations as 
chutinir. The major transportation factors bear upon the feasibility of 
ro.nl . .tnstruction, fbinif buildinsi, etc. Nof' s .ti<> also tak-n <m streams 
and stream flow from the stundyoint of fluming and drivint^. 

Under each main division the various factors to be considered are 
entered on the sheet. Ueneath eaih factor are two or more description 
terms. Beneath each of these terms is a block of 16 small rectangles 
which correspond by location with the 16 forties of the Section map on 
the front of the sheet. The notes are taken by entering a check mark 
in the proper rectangle licneath the proper term. If it is desirable to 
distinguish between the east and west or north and south part of a 40, 
the initials K. and W.. etc., can be appropriately entered. 

I'luirr pu' h hi ailiiiErf as ■'R<<ck" where the space available does not 
l-erniit an adequate description, numerals can be entered which refer to 
r«ferences made on the blank lines on the bottom of the sheet. 

Th' ."^trr-ain flow in cubi<' feet r^r serond need be taken only nt the 
lowest point at which a main stream or any of its forks is crossed by 
any strip. 

TRAINING OF CREW. 

It is essential that each crew be thoroughly trained in every detail 
nf the work of a Riven project before the data secured shall be con- 
sidered ifliabl.'. Such training Is ne«-ess'nry tn spite "f iirc\ i. ,i is , vj r-ri- 
ence which the crew members may have had and alone ciin insure the 
desired decree of accuracy and uniformity In the data secured. In such 
training it is necessary for the r'hlef of Party to si end ui'tre or less 
time in the field with the crew as a whole and with each member of 
the crew separately tn the practice of each detail of the work. It must 
be aasured, that is. not only that the estimate is a<'curate, l»ut that each 
member of the crew means the same thing when he states that the 
underbrush is moderate in density, etc. As complete a standardlzatioji 
BM Is possible within ea< h crew of the terms used is of far more import- 
ance than standardization between crews working on different forests. 
It is, however, desirable that as nearly as possible the same standards 
he used for all work done on a jflven forest, even if covering a period of 
years. This can otilv be ac-omrlishcul tn- thr Forest Supervisor keeping 
ill close touch with the work of each crew which may be assigned to him. 

CHECKING. 

Two forms of checks are possible; a check of the method used and a 
clteck of the men themselves. The former can beat be obtained l>y hav- 
ing men who through experience are considered absolutely reliable and 
accurate judges of timber cruise 40"8 already covered by reconnaissance. 
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Slnc«, however, the methods deecrlbed In these Instructions have been 

plv.-n thorough trial, this form of chn k mn usiia11\- omitt*'<l. The 
second form is much more important, as it serves an additional purpose 
in Instructlnir the men and raising their standards of accuracy. Details 
of a method whli-h has hoeii found of i-onslderable value are given in 
the ApiicMidix. The results of all checks made should be included In the 
Monthly Progress Report. 

SUMMARIES. 

The field data gathered l*y a reconnaissance crew Is so volunihmvis 
that it is of little value unless carefully summarized. The reapousibility 
fur tins summation rests on the t'lupf nt Party. Separate summaries of 
the four < lasses of data above d» scriiied .sh<»uld bo made, preferably by 
IokkIiik umts. The form which each should take follows: 

1. Estimate Data — ^The summary of the estimates can be most con- 
veniently put in the form of a tabulation. For this tabulation the esti- 
mates for each loRKiiiR: unit will be transferred from the 40 sheets 
involved to a summary sheet for this unit. For each probable timber 
sale chance the summary sheets of the lo^gins units involved will in 
turn be summarized for that i haiu c by type and asre class as explained 
in the Appendix. On certain uixaa \v lu re the proportion of very small 
or very larse timber (such as 40 per cent of the white pine on a given 
chance l)ein«- over "0 inches cl. h. h.) < ;in be anticipated as a factor li\ 
making the appraisal and sale, these sizes should be separately sum- 
marised from the start, and each 40 sheet computed with this In mind. 
Not only the total stand but also the 1n«:«! per tree and f or M. and the 
cull per cent should be shown. The average acre should also be given 
by loKgtne units. Notes on the young- growth, while strictly a portion 
of the estimntf. < an l i st i>>> liandl' d b\ including them under sllvlcal 
data. K'lr sani! !<• «;irnm.irv sec Api cndix pai,'n. 

2* Siivical Data — TJie sununa.ry uf the nutes oii ijilviial data sliuuld 
take the form of a conci.se. but precise description of the logging unit 
from the standi oint <if each headljit; on Form 494. In addition tho 
siivical data from the map should be calculated and stated, Including- 
such information as the area within ttuch type and age class, the density 
figures, etc. For sample summary see Appendix pa^e. 

3. Map Data — The base map is the only summary of the map datii 
wiiith is necessary. Full instructions for compiling this are given in 
the instructions for topo(?raphlc mapping. This base map should be 
kept strictly up to date. Adjustments of type lines, etc., where the 
field sheets of two different compassmen disagree should be raado 
Immediately, while both men stilt have a definite recollection of the area. 

4. Logging Dsts— The summary of the notes on logging data sJiould 
take the form of a brief description of each logging unit from tho 
standpoint of the headings on the back of the Form 4S3. The description 
can often be best made by means of rough percentages. For sample 
form f»f fummary. see Arr^-rull.v paue. 

In addition to the above summaries for the logging units, additional 
summaries should be made for each major drainage covered by a specific 

project. Further summaries by divisions or for th»' forest as a whole 
are not to be made by the rei onnalssance parties, but can be compiled. 
If thought desirable, by the Supervisor. 



EMPIRICAL YIELD TABLE DATA. 



Data on yield to esaential in the prediction of future growth, so that 

In the preparation of the wnrklng^ plan for the manajrement of the 
Forest it is quite as essential that yield data be collected as that a 
reconnaissance of the present resources of the Forest be made. 

The summarlTiatlon of estimatf data hy tyre and axe cla^s as out- 
lined in these instructions will maite all such data collected available 
for empirical yield studies. It Is therefore very Important that the 
several apt- t lassos bo afcuratoh" nian od and continual use of the ax 
for making age determinations will be necessary. 



The appraisal of the timber examined Is not a part of the duties of 

the reconnaissani »> crow. FiKuros on tho roft nf loKKlng can best '>•• 
collected by competent logging engineers after the reconnaissance data 
Is aummarlsed. 



At the end nf oac^h month tho r'hlef of Party shoiikl suhanlt a 
progress report in duplicate to the Supervisor; the original being for- 
warded by the latter to the Dtotrtct office. Thto report should be a 
coiM 1«o statemont of tho j ro^ross made and should mention am 
unusual features of the work or unexpected problems met. It should 
also contain the results of the checic estlmatea made during the month. 



All ♦■•luipment should be obtained throuKh the Supervisor's office ui 
the usual manner. The District office endeavors to keep on hand, 
however, a small supply of barometers, compasses and similar Instru- 
ments so that In case of emerKency tinio may be saved by wiring to 
Mi!4Sc>ii1a for additional equipment needed. In the Appendix will be 
found lists of the necessary equipment for the standard crew. 

In certain instances modifications from the form of reconnaissance 
herein describod may ho doslrabU'. Tho.so should bo adoptorl by mem- 
bers of the party only with the consent of the Chief who should restrict 
them to unusual Instances. Methods which are authorised In such 
emortioTu ios aro described in the Appendix. 

Cost -keeping records should be carefully kept. The forms which 
should l>e used are nrlven in the Appendix. Copies may be obtained 
from tho District offic*-. Tlio naturo of tho cost recnr.ls and the detail 
In which the figures are desired are definitely Indicated by these forms. 

The original field data should In all rases be considered as a per^ 
tnanent record and should be filed in the Supervisor's office. 



APPRAISAL OF TIMBER. 



MONTHLY PROGRESS REPORT. 



MISCELLANEOUS. 



17 




Digitized by Google 



APPENDIX 

CRUISER STICK. 

Th»' For. St Service Cruiser Stick has four sides: (1) Riltinuro 
stick, (2) Merrltt hypsometer, (3) Scribner Decimal C scale for 16-foot 
logs. (4) inch scale. The last two are for convenience in finding the 
approximate contents of fallen trees. Detailed instructions for the con- 
struction and u»e of the Biltmore stick and Merritt hypsometer follow: 

BiLTMORE STICK. 

To usr tin- i:i]tmr»re stick, thf oliscrNor hulds it in his rlgrht hand 
horizontally against the tree 4)4 Teet (breaathisb) from the ground, and 
26 inches from his eye, which should be on a level with the stick. If 
necessar\ the head should Ik- lowered till the eye Is at the proper 
height. The distance from the tree can be measured by placing the zero 
end of the stick against the tree and holding the eye at the 25-inch 
point marked on the back of the stick. 

FORM AND CONSTRUCTION. 

In the absence of the standard Cruiser stick a Biltmore stick may 

t aslly be made. It shr.uj.l 1 .■ similar to a scale stick In both material 
and size, except that its length need be only 36 inches or less, if 
intended for trees €0 Inches or less In diameter. Three methods of 
graduation are possible. 

1. One edge may be beveled and the graduations entered on this 

edge. 

2. The edges may be left square and the graduations entered on 
the broad faces. 

3. Thf ♦ ilfc't s mii\ I"- It ft siiuarc .iiul th>' graduations enterod on 
the broad faces as lines radiating from a series of points representing 
the successive positions of the eye for trees of various diameters. 
Center lines corresponding to each radial line should also be entered 
crossing the stick at right angles. A stick of this pattern should be 
held With its edge rather than its flat surface against the tree. The 
radiating lines are useful to a certain extent in keeping the eye at the 

proper distntu'f. 

in either case It is helpful to enter the arm length on the narrow 
edge. 

FORMULAE. 

(A) S= y d» a (B) S = d<a - t) 

a^-d aV (a^^d) 

Where S-- Graduation distance on stick. 

d^Dlnmctf-r of tree 

a=zArm length or distance stick is to be held from eye. 
t=Thlckness of stick. 

Formula A is tO be used for patterns of sticks which are so arranged 
that the graduations are In a line strictly tangent to the tree. This is 
true in the construction described In 1 and 3 al>ove. In construction 2 
the visible graduations are separated from the tree by the thickness of 
the stick and Formula B should be used. 
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TABLE. 



Diameter. Distance (a> from ( \ e to tree — Inches, 

breast 

high id) 22 24 25 26 27 

Inches Actual distances (s) In inches Ut be marked on stick. 

B. A. B. 

S.3< 6.43 5.38 

6.93 7.03 6.96 

8.41 8.54 8.46 

9.83 ? !♦;• 9.89 

11.17 1137 11.25 

12.46 12.68 12.56 

13.70 13.95 13.81 
14.89 15.16 15.02 
J6.05 16.34 16.19 
17.11 17.46 17.30 

18.20 18.55 18.38 
19.24 19.62 19.44 
20.24 20.66 20.46 

21.21 21.65 21.45 

22.16 22.63 22.42 
23.08 23.56 23.35 
23.99 24.49 24.27 
24.86 2.^.40 25.16 

25.71 26.27 26.03 
86.66 27.13 26.89 
27.36 27.89 27.72 

28.17 28.80 28.54 
28.96 29.61 29.84 

29.72 30.40 30.11 
30.48 31.18 30.89 

31.22 32.33 31.64 
31.94 32.69 32.38 

32.67 33.43 33.12 

Values headed "A" and "U" are caliuluted from the furinuiae eor- 
respondlnRly lettered. In B "t" Is a««umed as M inch. 

CORRECTIONS IN USE. 

For absolute accuracy the following conditions must i>e ruiiiiit.i. 
The tre«' must ho f imilrir in cross section; tho jstick nui.st itf helil 
aKainst the tree at a point 4Vs feet from the (ground; the stick must be 
horisontal; the line of slirht from the eye to the stick at the point of 
contart with the tree tnii.«'t be perpendicular to thr .ixls of the trro. i. e.. 
horizontal If the tree does not lean; the stick must be perpendicular to 
this line of siirht; the eye must be at the proper distance from the tree. 
If any of those < onditions are not strlrtiv fulfilled an error will i f suli. 
The various sources of error are not, however, of equal importance. 
The followlnir table will show how serious a variation from the above 
named ciuulitious will j)roduce an error of \^'t in diameter for 10 inch* 
30 inch and 60 inch trees; also the direction of the error: 





A. 


B. 


A. 


B. 


A. 


B. 


A. 


6 


8.84 


6.29 


6.87 


6.81 


6.89 


6.24 


6.41 


8 


6.89 


6.82 


6.93 


6.8B 


6.96 


6.90 


7.00 


10 


8.33 


8.26 


8.40 


8.31 


8.45 


8.36 


8.50 


12 


9.73 


9.67 


9.80 


9.69 




'.*.7t; 


;».!'.'! 


14 


11.03 


10.02 


11.13 


11.01 


11. 2i 


11. oy 


11.21» 


10 


12.29 


12.15 


12.40 


12.26 


12.60 


12.36 


12.59 


18 


13.49 


13.34 


13.61 


13.47 


13.73 


13.59 


13 84 


20 


14.63 


14.46 


14.77 


14.61 


14.91 


14.75 


15.0 1 


22 


15.72 


15.55 


15.89 


15.72 


16.05 


15.89 


16. in 


24 


16.79 


16.60 


16.97 


16.79 


17.14 


16.95 


17.30 


26 


17.81 


17.62 


18.01 


17.82 


18.20 


17.99 


18.38 


28 


18.80 


18.59. 


19.02 


18.82 


19.23 


19.04 


19.43 


30 


19.76 


19.55 


20.00 


19.79 


20.22 


20.02 


20.44 


32 


20.69 


20.47 


20.95 


20.72 


21.19 


20.97 


21.42 


84 


21 59 


21.36 


2l.8fi 


21.64 


22.13 


21.91 


22.38 


86 


2 . 4 7 


2J.23 


22.7''. 


-'2.52 


23.04 


22.81 


23.30 


38 


23.32 


23.07 


23.64 


23.38 


23.94 


23.69 


24.23 


40 


24.17 


23.91 


24.49 


24.24 


24.80 


24.56 


25.10 


42 


24.98 


24.71 


25.32 


25.05 
25.87 


26,65 


25.38 


25.96 


44 


25.78 


25.60 


26.18 


26.48 


26.28 


26.81 


4€ 


26.65 


26.26 


26.93 
27.71 


26.68 


27.29 


27.01 


87.64 


48 


27.81 


27.01 


27.41 


28.09 


27.80 


28.46 


50 


28.07 


27.76 


28.48 


28.18 


28.86 


28.57 


29,24 


82 


28.79 


28.48 


29.22 


28.91 


29.6S 


29.32 


30.02 


54 


29.51 


29.18 


2 f' fi ." 


29.63 


30.38 


30.06 


30.79 


56 


30.22 


29.88 


31.11 


30.35 


31.53 


30.79 


31.94 


58 


30 90 


30.56 


31,:!s 


:n.04 


31,83 


31.49 


32.27 


60 


3 J , «.> S 


31.23 


32.07 


31.7:! 


32.54 


32.20 


33.00 
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Sinn 



Cause 



Resulting In error of \% In 

Diameter 



n. W. H. of Trees. 



! 

— ' ISye above or below stick by 

_J_ ! Stic k not horizontal — one end hlKhor 

! than other by 

-I- Stick not perpendicular to line of 

\ Hi ^- lit one end nearer the eye 

' than the other by 

4- I Bye t«K> near to or too far from tree 

by ^ 



10' 
i.l" 

4.6" 



30" 



I 



CO" 



7.3" I 7.r 
4.2" 



4.9" 1 4.»' 
1.4" I .46" 



4.1* 

5.1' 
.65' 



The error resulting from talcinK the measurement at a i;oint whit h 
Is loo hiKh or too low varies of course greatly with the specU-s and 
form of the tree. In eeneral. however, it will \n- negative owing to the 
inoonvHiiiern e of stonplnir to the proper height. The al)ove tablf sh<i\vH 
conclusively that the only dangerous source of error is in the diaiance 
of the eye from the tree. Fortunately, this Is apt to be more or less 
com|.eiis:itiii-' Kurthermore, the errors constant In sign may offset each 

other to a certain decree. 

It should he further noted, however, that particular cure should b© 
taken In the case of irregular trees. Measurements of a smaller diame- 
ter will l>e reduced and of a lar>;er diameter will be Increased by use of 
the Hiltmore stick. This exHHKcrati<»a of the ernirs of the caliper in 
this case makes It particularly Important that either two measurements, 
or a measurement of nti average diameter be taken Where an accurate 
measurement of a siuKle tree is desired. 



MERRITT HYPSOMETER. 

iThe Merritt Hypsometer Is deslKned for measuring helKht iu 
ICS-foot loKs at two different distances from the tree« namely. 1 chain 

and 1 H' > halns. It is ns^d as follows: 

(1.) Pace a distance of one chulu, or a chain and a half, nieasurett 
horlxontaliy, from the tree. 

<2.) Hold the stick vertically, squarely In front of the eye. and as 

nearh' i Inmh as rosslble. After some practice it can be phimbetl with 
a fair desree ot accuracy by holding at the lower end and balanclnK^ 
If the tree Is downhill It can sometimes be held near the upper end and 
plumbed by Its own welKht. The hypsometer side should be at right 

angrles to the observer's line of siKht. 

(3.) Raise or lower the stick until its lower end. or any convenient 
mark for the proper distance. Intersects stump height on the tree. 

<4.) HoldluK it In this position, read on the proper scale the dia- 
taiice lnt*^rf»c< tet! by the top of the last loc. Tf the observer is at one 
chain from the tree the height will be shown by the left hand scale, or 
large figures, If at one and a half chains, by the right hand scale, or 
small figures. 
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HflKht may be measured with this hyrs«>nieter on the level or on 
arty slope, either above or below the tree, (-.ruvtded the distance from 
the observer to the tree is the horlxontal distance. For very tall trees, 
double the distance will fplve double the number of loss. 

Any straight stick may readily be made into a Merrltt liypsometer. 
The rollowinK table gives measurements to be used for the different 
reach intervals. 



l'\>r use one chain from tree. 


For use 1 chainii from tree 


Distance 

from eye 
to stick. 


Interval on stick fnr meas* 
urlnff one U>k (16.3') 

on tree. 


Interval on stick for meas- 
urinK one log (16.3') 
on tree. 


23" 
24" 

25- 

26" 
27" 


_ _ _ . _ 

6.68" 
6.93" 
6.18" 
6.42" 
6.6j*' 


■ 

3.95" 

4.ir 

M'T" 
4.44' 



I 



CHECKING. 

The importance of an aderiuate checking system can hardly ite over- 
••mrhn.slzrMl. 1 artic nl.irly in the case of less exrorlenrfd mf>ii The 
method «>tten emiiloyed i«>rnierly, of hanUllnK this iiuesiion l»y havinK 
some lumberman cruise occasional forties after the reconnaissance, has 
seldom proven entirely satisfactory, since even at best, this system 
merely measures the error without determining Its cause. 

SYSTEM FOR ANALYSIS, 

The fi <ll'i\\ iuL^ s> stem hnf been trW d \\ \th considerable success. .Tnd 
has the advantage of giving an analysis of each man's errors as well as 
determininfT their amount. One of the most experienced estimators is 
chosen as a check estimator. This man, with a compassman, re-runs 
forties already covered hv thr- \-;\riiUis estimat^irs. In ovrry dct;ill hi;^ 
work is id«Mitlcal with the regular reconnaissance work, except that he 
works very slowly and with maximum accuracy. All diameters are 
actually measured by Blltmqre stick or calipers; the width of strip is 
raced out in all cases of doubt, and hciuhff ;vre constantly checked \'y 
meaRtirintr wind-fall or by hypsometer. Furthermore, the strips are run 
as nearly as possible over exactly the same ground as that covered by 
the orlfclnal estimate, a mark belnK left at the end of each forty by the 
original compassman. 

A comparative anal>sis is then innde of the original sheet and of 
the check sheet on s^mo suvh form as I'oMows; 
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NE14 8W)4» 8. It. T. 50, N. R. 4E. B. M. 
aalaaimr. 9, mwatiOt 



Species 


Hstimate 


Check 


Error 


Pet. Krror 


W. Pine 


298 M 


260 M 


-38 M 


-14.6 


CFlr 


i ' 56 M 


49 M 


- 7 M 


-14.3 


Total - - 


S&4 M 


309 M 


-46 M 


-14.5 



Dtam. Oroupf 



15" and over 
16" -20" 
21" -25" 
26" -30" 
30" - I 
Total - 1 



l>lam. Group; 



13" and over [ 
16" -20" 
21" -25" 
26" -.-10" I 
30" - i 
Totnl I 



I'ominent. 

This check Indicates: 

Width of strip, O. K. 
lUameler. O. K. 

Height O. K. up to about 25 Inches, for larfer trees too high. 

8-16-12 H. JUNGS, Checlc Estimator. 



APPLICATION OF 8Y8TEM. 

Checks should be made at Intervals dependltiir on the experience of 
the crew. During the first two or three weeks after the training 

I'cfjrids tho rhrrk r-stiTnatnr sliouM be k('|-t ooiitlmmlly at this worlc. 
I-attT, he may be used lor the greater part of the time in routine esti- 
mating. Time may be saved by selecting for checking two forties 
cruised by different estimators which He adjacent The speed of check 
ostimatirjK. (Including the analysis \vork>, is about one-half that of the 
regular estimating; work. Silvkal data, lotrjrine- dfita. cull per cents, etc., 
should be checked at the same time with the estimate and the com- 
passman accompanying the check estimator should check for topo* 
graphic detail. 

CORRECTION FACTOR. 

The npi licati'Mi i)f a correction fa< tor baaed wynw the estimator's* 
Keneral impre.Hsion that the strips run are a certain per cent above or 
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No. of Trees J No. of Logs ; Logs per Tree 



Kst. 


Check 


Est. 


Check 


Est. 1 


Check 


33 


31 


69 


S8 


2.1 ^ 


1 2.2 


20 




82 


SI 


4.1 


4.0 


6 


6 


35 


29 


5.8 


5.8 


3 


2 


24 


15 


8.0 




1 


1 2 


9 


16 


».o 


(>.0 



62 €1 



Songlas nr 



No. of Trees I No. of i.rOgs I-<»«m per Tree 



:si. 


Check 


i Est. 1 


Check 


1 Kst. 


Check 


20 1 


18 


66 


50 


2.8 


2.8 


IT 


20 


76 


89 


4.5 


4.4 


10 j 


8 


60 1 


49 


6.0 


6.1 


t 1 


I 


51 f 


66 


8.5 


8 






29 1 


24 


9.7 


8 


56 


56 


[ 1 


1 
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below the general average of the 40, ia very dangerous except in the 
caae of th« moat experienced men. Even the more inexperienced eetima* 
tore, however* can use it with advantage when Ite determination it arbi- 
trarj' and mathematical, as In the following cases: 

1. When the timbered area of a forty la broken by parks, burns, 
and other openings, the correction factor la the direct ratio between the 
timbered area in the forty and the timbered area covered by the estl* 
mate strip or strips 

2. When different types rnntafnlng nearly rurt- stands are travprst>d 
by the estimate strip, but when it is evident that the strip does not 
include an area within each type proportionate to the acreage of the 
type, the correction factor may be calculated In a manner elmtlar to 1. 
separately for each species. 

3. When the compassman makes gross errors in pacing the cor- 
rection factor may be mathematically adjusted to compensate 

Example 1: The compassman's map shows that 11 acres of a forty 
are (fraasland and L"J acres timbered, and that 15 chains of the double 
strip was run in the grassland and 25 chains in the timbered; timber 
area within strip 2.6 acres. 

Acreage timber on forty 29 

Correction factor. — =11.6 

Acreage timber on strip 2.5 

r-'xainple 2: The conipassman's map shows that 5 acres of the forty 
is spruce type and 3& acres Is lodgepole pine type, and that 8 clxaiiK-i 
of the single strip run was in spruce, and 12 chains in lodgepole pine. 
Area of spruce type in strip .8 acres; area of lodgepole pine type in 
strii) 12 acres : correction factor spruce=H=6'2; correction factor lodge 
pole pine= 35=29.2 

T2 

Example 3: A compassman fells 6 chains short of the section line 

on the far side of a sectiott eoverod. The estimator tallies on through 
to the line, f >li\ iovisly, the sheet for the last forty run contains too 
much timber at the expense of the first three forties Assumius the 
error in pacing to be equally distributed, we have 85 of the compass* 
man's chains equal to 80 true chains, l^ch of the first three sheets 
then covers 80x20 chains In length and the last is 80x(20-|.6) chains In 

length. 85 83 

8S 



Area of strip first 3 fortieses 

Area ol strip last forty — 



80x2 

85 



80x2.6 

40 

Correc tion factor cin case of one strip to forty) =^0x2=2 1.3 for first 3 

4(1 

forties, and 80x2.6 =17.0 for last forty. 
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lu case two strips are run to the lurty the actual area ot each strip 
should be calculated separately and the two added, the sum being 
divided into 40. The following table gives the area of the sample strips 
in each of the first three and the last 40 In the case of various errors 

in ijucIiik: 

Chains paced Acres in each of Acrra iu 

per mile first three 40's last 40 



90 


1.76 


2.62 


89 


1.77 


2.57 


88 


1.80 


2.52 


87 


1.83 


2.46 


86 


1.86 


2.40 


B5 


1.87 


2.:i4 


84 


1.90 


2.28 


83 


1.9a 


2.21 


82 


1.96 


2.14 


81 


1.97 


2.07 


80 


2.00 


2.00 


79 


2.03 


1.92 


78 


2.06 


1.84 


mm 

i t 


2.07 


1.76 


7« 


2.10 


1.68 


75 


2.13 


1.59 


74 


2.16 


l.SO 


73 


2.17 


1.41 


72 


2.20 


1.32 


71 


2.23 


1.22 


70 


2.2.T 


1.12 



COST KEEPING SYSTEM AND FORMS. 
The followlns special forms will be used for cost keeping on recon* 
nalssance projects. These may be requisitioned from the District Office. 

In H«ldition Ut these the standHn! Kf>rm 21 may be Itept in the field. 
This will ho totaled at the rn<l of eaeh m(»nth, an«l the f<iod supplies on 
hand will l>e entered in red ink and deducted, a similar amount being 
carried forward to the next month. The special forms should be 
t*»talfd and i'()mplete»l as soon a.s possible after the end of each month 
an»l filed in the Supervisor'.s offij-e. a copy of the final summary »he«t 
for the month onl> heluK forwarded to the District office. 

CULL. 

Cull is a very difficult matter for inexperiemed men to handle. 
The.\ may be larnely assisted l»y tlic preparation of a table showin;^ 
the average maximum and minimum cull per cent characteristic of a 
re«i(Hi for eaih .s|_fcie8. further divided by site. etc.. if necessary. 
This table should i'e prepared from the best available information. An 
oltservant sciiler who has worked in the region in question is prolably 
l>esl «|ualifl«'d to I reparr H Tli. r. .tlMx^ iim t iM. whieh was used on the 
t'oeur U'Alene Forest will indicate the form suc h data may take. 
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FLAT. 



Avprage Cull. 

White •Hemlock Tamarack •White Red Spruce Cedar 



Extreme maxlmtim Pine 






PIr 


Fir 






Kxtremp maximmn Ha 


100 


35 


S5 


25 


25 


60 


Average maximum '.O 


60 


20 


45 


10 


10 


40 


Average minimum 10 


30 


10 


25 


5 


5 


15 


Extreme minimum 5 


20 


5 


16 


0 


0 


0 






SLOPE. 










Kxtrome mHxImum 35 


50 


20 


40 


20 




20 


Average maximum 15 


30 


15 


30 


10 


10 


10 


Average minimum 8 


20 


7 


20 


6 


6 


0 


Extreme minimum S 


10 


0 


10 


0 


0 


0 



T'li -t- cull per cents Inrlude both breakage and defects 
•Trees obviously defective not tallied. 



DESCRIPTIONS OF TYPES. 

Following are the descriptions of the typ*^s for which symbols are 
Riven In th^ inj^tnn ttons. In thcsr <!< si-riptions the perf-entRRos tfiven 
are percentages ot the numerical proportion of the trees and not of the 
volume. The trees considered for this numeric^ proportion should in 
mature stands Include all a^e classes Avhich have definitely established 
thfmseh'p^t as a i^arf of tlu- stand and which thrrpforc inflir-ate its type. 
Ordinarily this will include pole and sapling (growth >)ut not seedliners. 

The classification hereafter outlined is based upon the present com- 
position of the stand, regardless of whether this composition is the ulti- 
mate cover of the sit*" <>r tnerrlv a fomimrary cuvrT resulting'- from some 
Interference with natural conditions. Where a succession of types is 
known to occur, either the ultimate type, or one of the stages in the 
succession which, as far as can now be foreseen, wilt be perpetuated in 
forcft manacf^mpnt. may. if desired, bo mapped or USed for purposes of 
ntajiatfcment in addition to the present cover. 

TREELESS LAND. 

ThfTP t«t nn clfar Hue of demarcation Ix tween trees anri s}irul>!«, and 
in this classification, which is purely for practical purposes, no attempt 
is made to draw a fine distinction between them. Accordingly, under 
"Treeless Land" are included two types, "Brush" and "Sagebrush," 

which are often comj oPfd partly or rntlrrlv of individuals having- tree 
form. l)ut so small and stunted that the types in which they occur are 
ordinarily classed as treeless. 

Barren— An area too ro< k.\ , too exposed, too arid, or at too high an 
elevation to support trees or Krasa or more than a very scattering 
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growth of herb* and shrubs; and temporary barrens, areas repeatedly 
burned containing neither reproduction* gras«, nor brush In appreciable 
quantities. 

Grass — An area such as parks and mountain meadows, whose prln* 
cipal vegetation Is grass and other herbs. 

Cultivated — An area now under cultivation or lying fallow. 

S«8«brush — An area whose principal vegetation is sagebrush. 

Brush— All other areas the present cover of which Is a stand of 
shrubs or stunted trees. 

WOODLAND. 

An area, usually at the Iowht altitudiual limits of tree growth, whoso 
crop when mature ia a stand ut trees, urdinarily open, usually short, 
branchy, and crooked, most of which are fit only for cordwood, fencing, 
etc. 

Juniper — A stand composed of approximately 80 jier cent or more 
of any species of juniper, with very little or no pinion. Rocky mountain 
juniper is the chief species, usually with some limber ptn^ Western 
yellow pine, or Douglas fir. 

♦ 

TIMBERLANO. 

An area whose crop when mature is a mote or less dense stand of 
trees which may furnish sawlogs, ties, telegraph poles, etc. 

Yellew Pine — stand containing approximately 50 per cent or more 

of Wf'Ktprn yellow plni^. Tsually on dry well-drained sites fit the lower 
altitudinal llnalt of timberland or exposed south and southwest slopes 
at higher altitudes. The principal species in mixture are Douglas fir. 
Western larch, and lodgepole pine. 

Weetern White Pine — A stand in which Western white pine Is the 
key tree, forming approximately 15 per cent or more of the stand. In 

the northern part of the range of this type, at medium olovatlnns, hf'm- 
lock Is the predominant tree, frequently outnumbering the white pine 
even in young stands; at higher elevations in the same region Engel- 
mann spruce and Alpine fir are the chief associates. In the middle of 
its rniige white pine occurs nearly pure or with Dnup^las fir as Its chief 
associate, and with hemlock, white fir, larch and sometimes lodfjepole 
pine in mixture. Jn the southern part of the range of this type white 
pine is less important numerically than further north. Here In young 
stands Mhlte pine occasionally forms as much as 50 per cent of the 
stand or more, but usually tho rrednmlnant trees of the type are white 
fir and cedar, with Douglas iir and larch in mixture, a little yellow pine 
on the drier knolls, and sometimes In young stands lodgepole pine. 



Cedar- White Fir — The stand is composed of cedar and white or 
errand ftr, the former nearly pure in patches, the latter predominant 
thFouvhout with a considerable amount of Douglas fir, some yellow pine 

in groups on the knolls atui as scattered Individuals throiicrhout and rare 
Western white pine Individuals. The type occurs on the Selway and 
■outhem portion of the Clearwater National Forest south of the com- 
mercial ran^e of white pine 

Cedar- HemlMk- White Fii — stands composed of cedar, hemloclc and 
white or grand fir in varying proportioni^ with a little white pine, also 
Engelmann spruce, Alpine fir and rarely Douglas fir. areas which under 
m.-Miagement could be made to produce white pine in commercial attan> 

tities. 

Lodgepole Pine — stand containing approximately 50 per cent or 

more of lodK^l <>le pine, usimlly noarly rure. but sometimes in mixture 
with other species. The principal species in mixture are Douglas fir. 
Engelmann spruce. Alpine fir and Western larch. 

Douglas Fir — A statu! containing: approximately 60 per cent or more 
of Douglas fir, sometimes follows a temporary type of aspen. The 
principal species In mixture are yellow pine, lodgepole pine and Western 
larch. I'suaiiy at the lower or medium altitudes either at the lower 
limit (>i tiini rrinrui jn.st ahovo the yellow pine type. Occurs also on 
north slopes abuve the white pine type. 

Larch- Douglas Fir — A stand containing approximately 60 per cent 

or more of WestiTn larth and Douglas fir, with white nr frfinrl fir In 
mixture. Larch is the key tree. The proportion of larch varies greatly 
from very little to practically pure. The principal species in mixture 
ia > ''llow J inp. Vmt occasionally with 1( Kltrfiiole pine. Western white pine. 
!o\s land fir. Wt-st. rn red cedar, or %V»>«t»'rn h^mlork. Usually at medium 
elevations about the same as Douglas fir, but with more favorable site 
conditions. On less favorable sites than white pine. 

Engelmann Spruce — A stand contalnincr approximately 50 por cent 
or more of Engelmann spruce. Sometimes follows a temporary type 
of aspen. Engelmann spruce may be pure, but is more often in mixture 
with Alpine fir, lodgepole pine, limber pine and Douglas fir. Usually 
at the higher elevations and on the more moist sitea 

Mountain Hem1oek-^A stand containing approximately 60 per cent 

or more of mountain hemlock (T. mertensiana). The principal speciei* 
in mixture are Alpine fir. Engelmann spruce and Western white pine. 
Other species common In the mixture are whltebark pine, lodgepole 
pine^ Alpine larch (L. lyallii) amabilis fir and Shasta fir. At the higher 
elevations usually near the upper limit of tree growth, areas of mountain 
h'urilock not capable of ]}roduclng merchantable stands should be In- 
cluded in the subalpine type. 
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Subalpina — A stand containing a varying mixture of subalpine 
species no one of which Is abundant enouirh to throw the stand Into any 
of the types already described or rarely pure stands. At the 
upper limit iif tree growth, usually unmerrhnntnhle because of poor 
form and small size, and of value for protective purposes only. The 
principal species are Alpine fir, Engelmann spruce, lodsepole pine, white* 
bark pine, limber plne» mountain hemlock, and Alpine larch. 

Legend — In deslt^natlnj? land type«» land classification, forest types, 
age classes and cut-over lands on the base map prepared by the field 

draftsman, symbols as Kiven below will be used. In the preparation of 
land type, land class, forest type, age class, stand class and other maps 
to meet a specific need or for the administration of a particular phase 
of Forest business colors as trlven below will be used. The latter maps 
will be prepared on reprodu. tinna made by thf Iiistt i< t r.ffi, rrmn the 
base map. Size of areas to be shown on map as separate type covered 
under Map Data. 



Standard Legends. (Using Color Tints). 



Date I jClassification andj ! Timber 

of i Tint ' Stand. Maps l Timber | Ai^e-Class 
Origin I No. | (Atlas Legend) j Type Maps \ Maps 







1 


2 


Grassland 


'.Grassland (O) 


Grassland 


1891 


-lyio 


10 


Xeu' burn 


'jiin!i'f-r (J) 


2-21 yrs. (20) 


1711 


-1750 


i 


15 


.Light 10-25 MBF| Yellow Pine (YP) 


162-201 yrs. (200) 


Prior to 1711 




Dark 25-60 MBF! 


Over 200 yrs. 






1 






» 

t 


(200_|.) 






indiso 


Special 


(Mountain Hem- 


Special 






1 

f 

1 
1 

1 






! lock (MH) 




I8'l- 


■ 1890 


23 


Special 


ItVilar- white fir 

; tc-wF) 


22*41 yrs. (40) 






1 




Special 


jcedar-hemtock- 


Special 










1 Whlte-flr (C. 
! H-WF) 




IT&l- 


17»0 




29 


Light 2-5 MBF 

Dark 5-10 MItF 


Douglas Fir (DF) 


122-Kl yrs. (1«0> 








37 


SaKe Brush 


SaKe Brush (SB), 


Sage Brush 








46 1 

1 


rultlvated Lund 


jCultlvated Land 
! (C) 


Hultlvated I^nd 


idii- 


1930 




58 1 

f 


Water 


KnKelmann 
1 Spruce (ES) ' 


Present and next 
decade ((>) 


1851- 


1870 




62 (Mineral L4ind 


l^arch-DouKlM 42-81 yrs. (80) 








1 




I Fir (L-DF) ' 




1811- 


18.10 




63 

69 ! 


Woodland, poles, 

etc. 


IvodRepole pine | 
1 (LP) ! 


62- lift yrs. (lOOi 


1791- 


1810 






Less than 2 M.H.F. 


White Pine (WP)|102-121 yrs. (120) 


1S31- 


1850 




72 1 


Old CuttiuK's 


ISubalpine (SA) ! 


62-81 yrs. (80) 




1 




87 {Brush 


1 Brush (Bh) iSelectlon Forest 








t 




! 1 


all ages (Z) 






300 1 


liarren 


Barren (Bn) , 
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OLD CUTTING8. 



t^UB thftn 1-3 of merchantable timber removed HiKKina red 

Vertical hatching 
1-3 to 2'Z merchantable removed HIkkIhs' red 

45" XE-SW 

More than 2-3 merchantable timber removed Higgins red 

46* NW-SB 

(Cutover liymbols are to be used only In case timber left in euttiuK 
sttll oonatltutee the predominant age class, not being applicable to areas 
where the reproduction te more important than the mature timber). 



Cultivable Land 

Doubtful casea may be Indicated by 
Burns 



Higgins' red 
Horlsontal hatching 

Hlgglns' red 

Horizontal broken hatching 
Htggins' black 

Vertical hatching 



(This symbol applicable only where merchantable dead timber Is 
the material present of predominant importance. Where reproduction of 

a mprfhnntatilp remnant of the mature stand Is of prrrlnminant import- 
ance the area should be classed as the corresponding age class of the 
proper timber type). 

Boundaries of Types and Acre Classes, dotted lined 

Boundaries of areas of merchantable timber, dash and dotted lines, as 

M 



KM 

Reservoir Sites, Cultural Fsstures, etc. — See "Signs, Syml>o]a and 
Colors, 1912." Issued in small booklet form. 

Example: For a stand of timber In the white i iiu> type TO > t ars 
old with .5 crown density the map wt^uld show thi^ as r. '..ws: .fj-WP — 
SO. (The density is placed before type to avoid possii>le contusion in 
figurea) 

Normality Osscription—Normallty is the present condition of a 
stand discounted Into terms of its expected yield at the end of the rota- 
tion. The term is moff useful in such pure stands Uf lodfrepole pine. 
H**re it is conslderpd that l.OOO spodllngs per arrp, well disiritnitod, will 
result In the maximum production per acre. lAf»s than this number 
results in reduced yield. More than this number has the same effect, 
through overcrowding and consequent reduction In growth. 

The standard normality is 1.0. By a stand of .5 normality is meant 
ouc whi( h Is so understocked that it will by the end of the rotation, 
yield but half of what it could if properly stocked. By -^.5 is indicated 
a atand which will yield the same amount but with this reduced yield 
the result of overcrowding. The following figures are Indicative: 
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.S 800 p«r acre 

.6 500 •• •' 

.7 700 " 



IBOO per acre 

-4-. 7 2000 " 
_(_.5 3000 " " 
_j_.3 4000 *' •* 



.9 !>00 
1.0 1000 



These figures refer to good distrlbutlun. Uneven distribution will 
lower tbe f Iffures on undenttocked and raiee them on overstocked areas. 
Uneven height growth will raise the figures on overstocked areas. All 

thojio fitrurcs nrr for the youngest age class and allowance must be 

mudc for older stands. 

Determination of Streamflow in Cubic Feet per Second — The flow 
of a stream in euhic feet per second is easily obtained with sufficient 
accuracy for the purpose for which It Is to be used as follows. 

(a) Estimate the average width and the average depth of the 
stream in feet 

(b) Multiply the avcraRc width by the average depth to obtain 

the cross section nrori 5n sqtinro feet. 

(v) Estimate the veiot ily in icct j t r seronrt at a i oint where the 
cross section area is approxiinattily llie average for soniti distance. 

(d) A product of (b) and (c) is the flow In cubic feet per second. 

Filing System — The first essential is a moisture nnd rodent proof 
box. The Forest Service metal filing case with Its three card-board 
transfer cases serves admirably. The filing may be done in letter mail 
envelopes, five series of these to be kept as follows: 

1 iTK ompIete work, arranged alphabetically by names of estimators 

and cuinpassmen. 

2. Completed work. 

a. Maps arranged by township and section usually one envelope for 
each township is sufficient. 

b. Estimate and description sheets arranged by logging units. One 
envelope for each unit 

c. Summaries filed in separate envelopes by logging units 

3. Blank forms, etc. 

A«»?«iirnmpnt of fnrtirs- tn the sevt ral t siiinatnrs may be recorded on 
bianlc township plats i)y entering in each forty a l«ey letter identifying 
the estimator to which It is assigned. When completed the estimate 
sheet is turned in, the total estimate shown should then be entered 
iindrr the key letter. Key letters without estimates thus Indicate 
incoini It (pd work. 

The above system applies to surveyed areas, but may be easily 
modified to apply to unsurveyed projects. 

Equipnrient — ^The following lists of equipment and provisions hav« 
been planned for the average ten-man crew. 
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LIST OF EQUIPMENT. 

Instrument*^ 

1 Transit. Giirley, Mountain, (Not always needed). 

1 Level. I.ncK-p 

S Barometers, Aneroid. 
8 Levels, Abney. 

5 Compasses, F. 8. Standard. 

6 r'om passes, box pocket. 
6 Registers, tally. 

6 Cruisers sticks. 
6 Tapes, diameter. 

1 to I Tapos. steel, (preferably 2^ chains). 

1 Slide Rule. 

1 Sketching case. 

1 Addlnff Machine. 

"T" Pi|uarp, 21 

2 12' Scales, engineers'. 

1 set drawing? instruments. 
1 Triangle, 46°. 
1 Triangle. .-50° and 60'. 
1 Protractor. 

Drawing Ink — ^black, blue, red. orange. 
Ink, fountain pen. 

Pens, quill. 

Pens. Gilloit 8 So. .103. 

Thumb Tacks, solid head, 6 doz. 

Rubtter bands. 

Clips. 

Blotters, small. 

Wire No. 12, small auiouiit, for setting up camp. 
Nails. 



Boards for Draftinfl— 
24'x24" ) 

SO^xSe'* ( l"xir'xl6* Matched 



Forms and Stationery, etc. — 

Map books. Form No. 493. 

Estimate books, Form 494. 

Tiiiif slips. 

Time l)ooks. 

Summary Slieets. 

1 case, ranger filing. 

1 tatum folder. 

1 file, collapsible. 

Office note. 

TellQW paper. 

Envelopes. 
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Envflopes. Manila. 6"x8Vi" for estimate flheetB. 

Eii\ .'loi-es. Manila, ^»U"xl2". 
Ranger notebooks No, 289. 
Pencils 4H. 
Pencils No. 2. 

Drawing paper. Cloth back. 
Tracing cloth. 

Tradns paper, thinnest irrade. 

Tentage — 

1 10 •xl2 • (high wall) cook tent. 
1 7*'x9" commissary tent. 

1 fly (large) mess tent. 

1 10"xl2" fhluli \\al!> draftlnir tent. 

S to o, T'xy (Wall tents) sleeping quarters 

Miscetlansous Equipment — 

1 MiiV rase. 10"x40"x6**. 

3 table tops (cauvas on bed ot inch slats closely laid). 

2 Baldwin lamps, (acetylene). 

* Prpvision List— Taken from Trail Manual 1913. 

10 men for 10 days (100 rations). 



Plour „.100 lbs. 

•Cured Meats 75 

Potatoes 100 " 

Beans 20 " 

•♦Suifar 40 

•••Lii"^ - 10 In 5 lb. palls. 

r ^„ 10 " Creamery. 1 lb. cartons. 

Dried Fruits 20 « 

Coffee ~ 10 " Good grade, ground 1 lb. 

r^" f 6 " sealed tins. 

T» a ^ 1 " 

Cocoa 2 " % lU cans. 

Cheese 6 *• 

Macaroni 2 

4S < an8, Carnation f(rade. 

Corn IJeef 6 " 2 lbs. 

Tomatoes 8 2Vi lbs. solid pack. 

Peas 6 " 2 lbs. solid pack. 

«'orn .10 •• I lb. solid pack. 

S'auer Kraut 4 " 3 lbs. 

Rolled Oats 10 lbs. 

Onions 10 " 



•If fresh meat Is available use 50 lbs., cured, 25 lbs. fresh. 
**If syrup is preferred, reduce sugar accordingly. , 
•**If fresh meat Is used. Increase lard to IS lbs. 
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Corn MtnH ft lbs. 

Graham Flour 6 

Pan Cake Flour 6 '* 

Salt . S " 

Baking Powder 3 

Soda - 1 ■ 

Yeast Cake ^ 1 Pa^ kafffc 

Ekpts 10 I>o«. 

Catsup ™. 2 Bot. 

Plokles, eour ~ 1 l*tt * 8*'* 

Mustard, ground „...„..... 4 can. 

Pepper. Kround . 8 " ** 

Cinnamon, ground 4 ** 

Allspice, ground ^ 4 " " 

Lemon Ext 4 oz. Dot. 

Vanilla Ext „. 4 " " 

Vinegar - - ^ 1 qt. liot. 

Soap, laundry ^„ S lb". 

Matches 3 five cent packages. 

Candles 2 l^^s 

••••Coal Oil 4 1 <,t. Lotties. 

I>ehydrated fruits and vegetaltleti may be substituted for fresh 
fruits and vegetables In the ration of one pound of dried to seven 
pound* of fresh. The following dehydrated products are sometimes of 
great value In side or main ninips: 

Potatoes (riced). 

Cabbage. 

Spinach. 

Carrots, 

Onions. 

Turnips. 

Sweet corn. 

Green peas. 

Strini; beans. 

Cranberries. 

Rhubarb. 

Blueberries 

Raspbrrries. 

Strawberries. 

Celery (ground). 

Leeks (ground). 

It may be advisable to add certain articles to the above list to pro- 
vide for the cold lunch feature of reconnaissance work. 
Approximate total weight, 560 lbs. 

** cost. $6S.(K». 

••••Coal oil win be replaced by carbide if Baldwin lamps are used. 
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Kit«h«n OHtfit-<->(Tbken from Trail Manual 1913). 

Crew of 10 men. Including foreman and cook. 



1 Lantern. 

2 S. P.. Axes. 

1 Sheet steel cook stove No. 8, with 6 joints pipe. 
4 Fry pans, assorted sises. 

2 Orantte kettles, 12 qt.. with covers 
4 " •' n " 

2 " stew kettles, *j qt., with covers. 
1 Granite coffee pot, 8 qt 

1 Granite tea pot, 3 qt. 

2 DlPhpnns. 14 qt. 

1 Granite rice boiler. G in. 

2 Drippinf? pans to fit oven of stove. 
1 Can opener. 

1 Rolling pin. 

4 Tin wash basins. 

4 Tin water palls, 10 qt. 

3 Tin dippers, 1 qt. 
I'/i cloz. Granite r^^^tfs 

1*4 rioz. '* cups and s.'iu< ors. 

^ doz. " dish up buHins, 2 qt. 

% dos. 1 qt. 

1 doz. Mush I)owls. 

1 Granite synip ritrher. l qt. 

1 " cream pitcher, l qt. 

2 Butcher knives, 1-10 In., 1-12 In. 
1 " steel. 

1 Meat forlc. 

2 Granite stirring spoons. 
1 Meat saw. 

4 Till milk 1 ans, 6 qt. 

1^ doz. Wood handled steel knives and forks. 
1^ doz. Teaspoons. 
IH dos. Tablespoons. 

5 1-Oal slop cans, fcalvanized iron. 

•5 yds. 12 oz. duclcln^ or light canvas^ 36 in. wide. 
^ lb. 10 uz. tacks. 
10 lbs. Assorted naila 

1 Carpenter's hammer. 

1 hand saw. 

1 Alarm clock, 
10 s^ds. Crash towllns. 
10 yds. Unbleached muslin. 

Aprrnximatr total wrd^ht n2f> lbs. 
Approximate total cost $62.00. 

*Tbi8 item is intended to be used for tops for table frames built of 
light poles and Is already covered under miscellaneous equipment 
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The tin palla may be replaced by canvas palls, and one pitcher each 
for milk and ayrup added. 

SUMMARY SHEET FORMS. 

The sample summuriea here Kiven are adopttd in the effort to 
secure direct utilisation of all data collected in the field. 

In case of the sample summary of silvlcal data the first table only 

\h prpparod with mathemation! n<'fnrary. the acreage fienres under type 
and a£^c class being accurately obtained from the map. Thje other 
figures of this summary and of the logRing data summary are com- 
paratively rough approximations, the field sheets and maps being used 
to check and supplement the personal knowledge of the chief. 

Summaries of estimate data by logging units and probahle timber 
sale chances will be made as indicated in the sample summary sheet 

form. 

It is evident that it will be nece««'firy to determine the average stand 
per acre by species for certain type and age classes, within the logging 
Chance for use In connection with appraisal and marking. The estimates 
should therefore be further summarised In the following mannw: 

When such demands can lie anticipated the estimates should be 
further summarised In the following manner: 

A certain number of estimate sheets within each age class of each 

typf will hp soleotpd. and tho pstimatr-s fnr tho avprapr sample arre 
obtained in eacli case. The sijec-ial age classes and types here dis- 
tinguished must be determined with reference to the marking plans for 
the logging chance under consideration. 

These results may be tabulated as below (j— r) together with 
acreage figures (a — 1). Figures representing total calculated volume 

(aj — ir) are then directly obtaiind and the ratio between this total for 
the uholo chance and the actual total estimate for tht: whole chance S 

easily secured. This ratio applied as a correction la<-:tor to tho sep- S* 
arate calculated total volumes for each species of each a^e class of each 
type will give the stand by species for age class and type of the logging 
ehancp with sufficient arr urary to mcpt the nrods of tho marking plans. 
Figures for the average acres may be then obtained by division. In the 
tabulation given below It is to be noted that several species will nor- 
mally appear under each age Class of each type. 
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LOQQINQ CHANCE. 



Type 


(By 
species) 


Acres 
summary 
from 
silvical 
data 


Volume 

>j er A. 

From repre- 
•enubrr 


Total 
cal. 
VOL 


Est. 

Prom cft. 
lummiry 
of unit 


Calculated 
estlmatM 
corrected 

1 


Stand 
per 
A. 


A 


1 


a 


J 


aJ 


























2 


b 




bk 




bk S 


ks 




















« 




1 
1 


CI 




cLS 


Is 














~s* 


~S 


R 


1 




tn 


dm 




dm.8 


me 
















S* 




• 


A 


n 
11 








na 














o 






2 




A 
M 






fo.S 


OS 






















g 


P 








pa 




















2 


h 


Q 






hq.S 


qa 


• 














s" 




3 


t 


r 


Ir 




Ir.S 


rs 



















Total for chance 8' 8 



SAMPLE SUMMARY. 



Logging Data, Smith Cr««k. 

Cutting and Skidding Factory— Surface: W% amooth; 20% rough, 
(concentrated In section 18, north of creek). 

Soil: 100% firm. 

Rock: Continuous ledges about 20 feet high are found on north 
side of creek in sections 18 and 19. Small areas of Slide rock in sec- 
tion 7, not affecting logging seriously. 

Underbrush: W. P. 200^_. Hemlock, white fir nnd yew of mod- 
erate dciialty, aveiagliig 10 feet in height, covering iv/o of area. W. P. 
80>160, lnc.» hemlock and white fir, density, light, covering less than 10% 
of area. (Etc. for other types and age classes). 

Windfall: TJtcht, 10% of area, (section 7) average diameter 0". 
moderate. 70% of area average diameter 10". Heavy, 20% of area 

average diameter 10'^ 

Transportation Factors— Draws— Soil 100 % firm. 

Rock: Lower 100 yards of draws coming Into creek from north In 

sections 18 and 19 become narrow canyons < ut 20 feet into the ledge 
rock; some slide rock in section 7. Not a factor elsewhere. 

UndeHbrush — €0% moderate. 40% light Of little importance as 
tiransportatlon factor. 

Windfall — Moderate aitd of 20" material. 50% of area; heavy and 
of 12** material. 60% of area. 

Streams — Main Srnfth r'lf. k has a flow of approximately 10 cubic 
feet per second. A regular gradfcist nf abunt 2*"^ . Its avrrage width 
varies from 7 to 8 feet at the t'orks i«» 20 leet at ila cotitluence with 
Jones Creek. The hanks are good for driving. (Important branch 
streams to be treated In similar manner). 

Stream Bottoms— Soil: 70'/, firm. 30% soft. (In section 19, 
Rock. None that hinders road building. 
Underbrush: Heavy. BOr^J ; moderate, BOTr. 

Windfall: TTfavy and of 15" material, Off^ ; moderate and of 10 * 
material. 40%. Min. width of main stream bottom 70 feet. North 
branch 80 feet for 1% miles, south branch 20 feet for 1 mile then 10 
feet for % mile. 

Miscellaneous — There is an excellent dam site in section 7, requiring 
about 100 feet of wing construction. 



SAMPLE SUMMARY SILVICAL DATA FLAT CREEK. 
Typ— and Agm CtatMt. 



Type 


Av. Density 


Age Class 


Area 


W. P. 


.» 


20 


100 


M M 


.6 


60 


200 


<« II 


.3 


160 


400 


t« •! 


.1 


200-f. 


1800 


«• M 




All 


2500 


O.F. 


.3 


120 


400 


M M 


.3 


160 


200 


•1 M 




Alt 


600 


LuP. 


.4 


120 


300 300 






TotaU 


3400 



CONDITION OF STAND. 

Thrifty: W. P. 20 A 60. 

D. F. 120 (about 50%). 
Mature: W. P. 160. 

D. F. 120 (about 60%). 

D. F. 160. 

I.. P. 120. 
Dprad.-nt; W. P. 200_|_ 
' Total acreage, thrifty, r)i)0: mature, 1100; decadent, 1800. 

DAMAGE. 

Kire: About 200 acre» In W. F, 200_^ and 60 in D. F. 1«0, 80% of 
trees damaged. 

Insects: Bark beetles reported generally tbroushout W. P. 160 and 
260-^. Special examination ursent. 



Clear Length* 

Type Age Spocles Clear Length 

W^R 160 W. P 2 

D.F. 1 

L 3 

2004. W, P. 6 

D.F. 2 

1 6 

I>, F. 120 & 160 U. F I 

I-.P. 120 UP, „ 1 



Soil 

Type A«e Soil. 

W. P. AM Sand-loam, fresh; moder iie to deep. 

I>. F. All " dry, shallow to moderate. 

I* P. . All 
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Reelc. 



Granite formation underties almost whole area. About a section Of 
Itmestone at extreme north end, in W. P. Type. 

Undergrowth. 



Type 


Age 


Denotty 


Per Cent Area 


W.P. 


20 


Open 


B 




60 


open 


5 




160 


Open 


& 




200-1- 


Open 


50 


.D.P. 


120 


Medium 


15 




ItiO 


Close - 


25 


UP. 


120 


Open 


5 




Young Growth. 





Type Age No. Per. A. Specie* Per Cent Distribution 

W.P. 20 2.000 W.P. 20: K 40; W. P. 40. Singly 
W.P. 60 600 W.P. 60; L. 30; W.F. 20. Singly 

VARIATION IN METHODS. 

I'll* rhi«>r t>f Party luiiy find the following siiggeationa helpful when 
special <-ondition8 are encountered. 

THE QUARTER ACRE CIRCULAR PLOT. 

In stands of timber of amall value scattered over large areas, a one- 
man crew may be used to good advantaKe for mapping and eetimattng. 
The estimatinitr may be most effectively doiu- !ii siK-h a case by the 
taking of one quarter acre circular plota approximately 60 feet in 
radius at two and one-half cltaln intervals. The area covered by such a 
tally will be equivalent to a strip one chain In width. 

GROUP TALLYING. 

In timber which is characteristically uniform in else within one or 

two ranges of d. b. h. each ran^e haviuK difterencea limited to 6-10 
inches and where few species are concerned the following method has 
been found of value in Increasing the speed and conserving the judg> 
ment of the estimator. All the trees on the atrip are counted, but only 
a ccrtiiin j rojortlon (as one In five) of them am Indivlrluany sized up 
and tallied. The first 20 trees on a strip may be counted without tally 
and the next five trees neareet the estimator tallied five times each by 
species d. b. h. and log length. If there are two distinct sixes they may 
be treated neparately, two cntmtf tietnc: carried simultanenusty by the 
estimator, or each tree of the larger size may be tallied and the smaller 
sise tallied by groups. 
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Broken Tally — The tally on a strip is soinelinu's taken only at 
reKular intervals arbitrarily determined. This ret-tanprular jilot method 
results in relief to the estimator and has some of the advantages of the 
circular plot method. It is considered preferable to maklng^ a reduc- 
tion in the width of the strip below the minimum of one chain but is 
seldom, if ever, to be used by any but one-man crews. 

Variation in Width of Strip — In open stands of valuable timber it is 
sometimes possible to secure the best results by the use of a broad 
strip, perhaps two chains in width. In certain cases this will double 
the per <ent of the stands tallied with little or no reduction in the 
leni^th of strip which can be run per day. The advisability of uslng^ a 
strip of width greater than one chain should be carefully considered 
before estlmatinj? open stands of yellow pine and larch. 

The Use of Chain by Estimating Crew — When it is found Imprac- 
tl«-able t«) have control lines within reliable pacing distance of each 
other and when the Abney is used for elevation control, it will be found 
nei t-ssary to use the chain. A steel tape two or two and one-half chains 
• n length Is rec<»mmended. 
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Values from 40" to dO" D. B H. assumpd. 
(Constructed by the Frustum Form Factor method. Based on 306 trees from 
the GMur d* Atone, St Joe and Lolo National Foreeta.) 
Serlbner Decimal C Rule. 
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(NOTE — Trees 10 Inches and up over two logs, based on 1808 trees in Galla- 
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FOREST TABLES-LODGEPOLE PINE. 



XHTBOBUCTION. 

In its general inyestigations the Forest Service hta gathered, in 
tabular form^ a gpreat deal of miscellaneous data on tree growth, form, 
and volume. Much has been published, yet much more has been 
submitted in routine office reports, which are not widely ayailable* 
Many of these tables are to be assembled, coUated, and edited. 
While they represent the results of many investigations, and are the 
best that can be had, they must not be regarded as final, but as sug- 
gestions for further iuTestigations, by which they must be tested. 
Criticism of them is desired, for only through criticism can they be 
corrected or verified. 

The yarioussubjects considered are: Stand tables, by well-recognized 
types and localities; reproduction; height and diameter growths; 
Tolume, by feet and by products; taper measurements; and present 
and potential yields. 

The measurements for lodgepole pine tables were made by field 
parties in Wyoming in 1901 and 1905 and in Montana in 1902. 

STAND TABLES. 

The stand tables show the variations in lodgepole pine forests in 
the northern Rocky Moimtain region. They illustrate the forest con- 
ditions to which all the tables in the circular apply and are not avei^ 
ages for use in estimating or cruising. They are grouped according 
to the two broad divisions into which the forests of the northern 
Roc^ Mountain region naturally fall. In the northern section, from 
the Yellowstone National Forest north through western Montana and 
eastern Idaho, Douglas fir is an important tree associated with lodge- 
pole pine. In the southern section, from the Big Horn and Medicine 
Bow Mountains in Wyoming south into northern Colorado and Utah, 
there is less Douglas fir and the associated tree is EIngelmann spruce. 
The types sometimes blend almost imperceptibly and occur in yary- 
ing combinations; but the stands given preyail oyer considerable areas. 

NOBTHEBM SECTION. 

The types of the northern section are represented by the following 
tables: Table 1, lodgepole pine flat; Table 2, lodgepole pine slope; 
Table 3, Douglas fir slope; Table 4, Alpine or transition type. 

tClr. 128] (5) 
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The lod2:<'polt^ pine flat or crpek type, as shown in Table 1, rontains 
about .")() por c ent pine and 30 por cent Engelniann spnico; tho rest 
is Alpine lir and Dout::las fir. Tliis type gro\v> n?i limited areas along 
oreeks and on other moist situaiioDs below 8,0U0 feet. 

Tablb 1. — LodgepoU pine fid or creei ii^pt in (ToUoCtn Ovun^y, Jfonl. 

(TrvM 4 In^R and owr in diameter breasthlgh on 28 a«i««.) 
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Ok W 


1407 


0.48 


i&oar 


&8B 


11.08 


&0t 


11.07 


8180 


0.32 


407 


7.78 


8.48 


a.« 


188 


418 


XS7 


2.46 


2.14 


1.75 


1.86 


1.25 


1.29 


.88 


1.21 


.40 




.21 


.Ob 


. 18 


1.00 I 


■ 21 


.7» 


.04 


.50 1 




V. 


.07 


. w 


.04 


.30 


.04 


.21 




.11 




.04 




.04 




.04 




.04 ' 





100.85 

n.88 



02.44 
88.15 



Alpine 



Doujctas 



&48 

471 
4M 
8.80 
148 
204 
L48 
L28 
.89 
.01 
.39 
.38 
.39 
.11 
.07 
.04 
.14 
.04 
.11 



.04 



.04 



28.69 
UL40 



Limber 
pine. 



1.86 
1.21 
1.31 
1.30 
.08 
.98 
.82 
.71 
.84 
.64 
.54 
.64 
.32 
.32 
.86 
.14 
.14 
.07 
. 18 
. II 
.04 
.04 



.07 
.04 
.07 
.04 



13.19 
6l10 



Tntal of 
five spocios 



21417 
MKkOO 



TBSB8 10 INCHES AND OVBR IN PIAMBTBR BBBASTHIOH. 



57.32 


36.22 


ia4tf 


7.ti2 




iiaM 


8LS1 


8Las 


AH 


*• 




moo 



] Total 



(Qr. lasj 
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Table 2 shows the lodgepole piae slope type, which, in many places, 
approaches the pure pine stand (75 per cent) and comprises the 
larger part of the forest up to 8,000 feet. 



Tabia 2.^LodffepoU pine thpe type in <?alloem County, Mont. 
[TiBM d iwdiw Slid ov«r in dfaumter brMstldgh on 89 aeias.] 

AVERAGE TREES VhK ACRE. 



Diameter 
bre&sthlgh. 



JndkM. 



6 

7 

• 

10 
11 
19 
18 

14 
15 
1« 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
3< 

30 
37 
3S 

n 



Total 

Per cent . 



Lo4npalB 

puie. 



SSlOO 
21.16 

18LQ8 
15.22 
11.82 
&60 
&29 
3.86 
8.06 
1.25 
.82 
.55 
.30 
.16 
. 13 
.09 
.02 
.01 
.05 
.01 
.01 
.01. 



fir. 



171.90 
75.64 



JfumUr, 
4.13 

2.90 
2.47 
2.16 
1.80 

1.35 
1.03 
.K8 
.67 
.58 
.48 
.39 
.33 
..34 
.24 
. 17 
.15 
.12 
.15 
.10 
.09 
.03 
.07 
.02 
.08 
.01 
.05 



.01 
.02 



.01 
.01 



' Engclmann' 
spruce. 



3.88 
8.70 

8; 10 

1.74 
1.80 

1. 18 
1.20 
1.28 
.84 
.78 
.73 
.40 
.40 
.39 
.42 
.24 
.86 
.20 
.15 
.13 
.00 
-U 
.07 
.08 
.OS 



aa83 

9.17 



Al^iDC 



MmnOct. 
3.80 
8.04 

2.17 

1.56 
1. 19 
.66 
.69 
.52 
.32 
.27 
.17 
.10 
.18 
.06 
.02 
.02 
.08 
.01 
.08 

.'o-i' 

.01 



.01 
.01 



.01 



2a 39 
8.97 



I-inilH^r 
pine. 

JVkimfter. 
a38 
.11 
.11 



.01 



13.61 
&80 



.08 



.02 



.01 



Total of 
five specieii, 



Ifitmber, 



.01 
.01 



.01 



.52 
.23 



387.88 

lOOiOO 



lUEES iO INCHES AND OVER IS DIAMETER BREASTHIGH. 



Total. 


67.99 


9.18 


11.03 


4.35 


ao8 


92.63 




73.40 


a 91 


11.91 


409 


.00 


100.00 












I 





(at. 1881 
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Table 3 shows the averatje rmiiil> r >if trees jht aero of the l)oii<;las 
fir slope type, which «rrows on southern and expos€Ml westeni slopes 
in the Galhitiii Mountains of Montana. Tn the Yellowstone rej^i on 
it occurs on protected nf>rthem and eastern exposures. The type 
is of limited extent, and occurs below 8^000 feet. 



Table B,—Douglo»^r dope tfpe in OaUatin Ooitnty, MonL 
(Tn«>6 IndMA and ov«r In diameter lireMthigh on UaoiM.} 

AVERAGE TREES PER ACRE. 





Alpine flr. 


Engclmaimj LimWr 
spruce, i pine. 


Total of 
five species. 


Number. 
laai 

6.79 
6.15 
5.S0 
3. ST 
2.S7 
2.49 
1.9 

i.a» 

1.14 
.64 

.36 
.79 
.07 


Kumber. 
0.43 

.29 

.36 
.21 


Number. 
0,21 
.14 
.14 
.07 
.07 


Numbrr. 


,Vm mber. 














a 07 







.07 
























.07 






































.07 






.07 
.21 
.14 
.07 
















j 






.07 
















J 
























! 








1 


































1 














































42.79 
29. 24 


1 7'J 
1. 17 


. 77 

.r>3 


.07 
.05 


144;. -M) 
100.00 



Dlanioti-r 
breast btgh. 



/NCJkCi. 



9 
10 
11 
U 
13 
14 
U 

le 

17 
18 
W 
20 

21 
22 
23 
24 
26 
26 
27 
28 
29 
30 

32 

34 

M\ 
42 
48 



Dou^tts 
fir. 



Total . . 
Feroeol 



Number. 
17.64 

15.50 
1&14 

a<o 
&a6 

3.64 
400 

a. 07 

t.60 
2.80 
.86 
1.07 
.86 
.71 
.36 
.«7 
.36 
.50 
.43 
.29 
.43 
. 2** 
. 43 
.07 
. 'J^* 
. 29 
li 
. 14 
07 
.07 
.07 



101. 01 

m. 01 



TREES 10 INCHES AND OVER IN DIAMETER HREASTniGII. 



Total 


44.23 


11 11 


0.35 


a 21 


fl.07 j 


59.00 


pBTCOKt 


74.97 


Zi. <<7 


. m 


.^1 


j 


im. no 
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Table 4 shows the Alpine or transition type, which occurs at 8,000 
feet, and changes from the predominating l»Kigi'|>»»l* ])ine to Engel- 
nuum spruce with Alpine fir, and Bnally to limber pine or mountain 
pine. It is a type less important than the other. 



Tablb 4. — Alpine or (nuuiCtdn (yp0 in QaUaUn County, UonL 
|Tm«s % Inches and vfvt la dtanwter breuthlgb oti U i(erM.J 
AVERAOB TRKRS PER ACRE. 



bi«Mthigb. 




Sr. 


Alpl-allr.|»TjSg«» 


Limber 
pine. 


Total 01 
flveapncfee. 


6 
7 
H 
9 
10 
11 
12 
13 
14 
15 
16 
17 


Sumh<r. 
18.93 
15.04 
36 

H. 07 
3.80 
2.29 

I. 43 
.4.'< 
.50 
.07 
.07 


.V« mber. 
in 'XI 

lU. 

H. 3t'> 
♦1. 57 
5. 04 
4.29 
.129 
2.07 

I. 21 
.04 
.43 
.71 
.29 
.50 
. 43 
.71 
.21 
.» 


yumbtr. 
2.4.1 
1 7U 
1.71 
.04 
.04 

. 14 
.14 
.07 


A'u miter. 

1.43 
.80 

1. 00 
.50 
.29 


yumbrr. 
1.41 
.67 
.71 


.V umber. 








.14 




.21 








•^i 
.07 







.07 


.07 













.07 
.07 




18 


. 14 








Ifi 1 .14 








20 




... - 




.07 




21 
22 
23 
24 
2S 
2S 
• 27 
28 
39 
30 
31 
























.0, 












:::::::::::: 






.07 




1 






.07 


















.07 












i 1 




.14 
















.07 




... ... . . 










6a 93 

4i.as 


4&35 
37.86 


7.92 
0.42 


4 71 ' 3.49 
AM 1 2L83 


123. 4U 

loaoo 





TREES 10 INCHES AND OVER IN DIAMETER BREA8TIII0H. 



Tolai 


8.93 


15.49 


1.35 


a92 


a 78 


27.47 




32.fil 


M.30 


4.91 1 


3.35 


2.«4 


loaoo 



SOtTTHSBN SBCTION. 

The southern section is repn sonted by tables for the Douglas Oeok 
watershed, covering almost :>(). ()()() acres of the ^fedirine Bow National 
Forest. The typos are : En<;('linaiin spruce type, TaM«' : Indrropolo 
pine type, quality I. Table G; lodgepolo pine type, quality 11, Table 
7 ; lodge pole pine type, quality 111, Table 8. 
14d6ft— Cir. 126—07 2 
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The ffhigftlmann q>ruce type (Table 5) grows in bottoms and swales, 
or in the moister locations geneiallj. Its aiea is limited, and includes 
6 per cent of the Douglas Greek watershed. 

Tablk t>. — Enydmann iynux type in the Medicine Bow National Forett, Wyoming. 
(Trw* 4 locbn and over In diameter breMtliIgh on 86 aeiee.J 
AVBRAOB TRBBfl PBR ACRB. 



DiameUr ^Engelniuiui 
breastbigh. ' spruce. 



i 

5 
n 

7 

8 

0 
10 
11 
13 
13 
14 
15 

le I 
17 
18 
19 
20 
21 
22 
23 
24 
2:) 
2<i 
27 
28 
29 
30 
31 

m 

33 
3.5 
26 
40 
41 



yu tnher. 
7.42 

8.54 
10.31 
8.87 
8.8« 
7.54 
6.01 
5.47 
«>.iri 
4..V) 
3.52 
3.74 
2.. '.2 
2.15 
1.70 
1:14 

.91 
.80 
.48 
.3fi 
.21 
.20 
.15 
.13 
.07 
.11 
.11 
.04 
.01 
.01 
01 
.01 
.01 



Loilg(ipole pino, 



Sound. 



Number. 
2.51 
3.59 
5.01 
5.44 
tt. 16 
(>.00 
5.80 

s.rj 

5.m 
•1, 

3.44 
2.45 
1..W 
1.06 

.61 

.;!,s 

.24 
.08 
.07 
.04> 



ColL 



.01 



Jiumber. 
0.16 
.28 
.Vi 
.08 
.68 
.78 
.79 
.76 
.85 
.72 
.55 
.52 
.38 
.29 
.19 
us 
.U7 

.a'. 

.01 



Alpine flr. 



.01 



Number. 
8.31 
8.12 
7.49 
5.a3 
4.95 
3.87 
2.61 
1.81 
1.32 
.72 
.51 
.33 
.16 
.20 
.07 
.04 
.04 



Aepen. 


Total of 

(our 
■pecies. 


Number. 
0.22 
.19 
.13 
.12 

.as 

.18 

.07 
.07 
.W> 
.07 
.02 


Number, 

























.02 





.01 



.02 



.01 



.02 



ToUl.... 
Per cent . 



94.24 
44.74 



flO.33 
28.64 



8.31 
3.95 



46.53 
22.00 



1.33 



210.64 
100.00 



TRBB8 10 1NCHB8 AND OVER IN OIAMBTBR BRBASTHiaB. 



Total 


42.70 


31.62 


5.28 


7.85 [ 


0.81 


87.n 




48.» 


30.08 


6.0S 


8.00 


M 


100.00 



CCir.uq 



Digitized by Google 



11 



Table 6 shows the lodgepolo pino typo, (jualit y I, which inchides the 
best part of tlio kxigepolc piiu- hmd; with trees from 75 to 90 feet high. 
It comprises 3 per cent of the Douglas Creek waterHhed. 

Tablb 6. — Lod^poU pine type, q^uilit^ I, in tht JMteifw Bow National Fomt, 

Wyoming. 

[TnM 4 Indies and vrm tn dlAiii«t«r brMithlgh on 23j0 acim.] 
AVERAGE TREES PER ACRE. 



l>iani*ter 
broasthtgh. 


Soun4. i l>«ad. 


Engd- ! 

mann [ Alpine ilr. 


Total of 

A \t MIA VFA 

throe 


ImAm. ^ 
6 

gt 
U 

7 
8 
9 

10 
11 
12 
13 
14 
18 
18 
17 
W 
19 
30 
21 
fl 


Jfinnbtr. 
4.9t> 

7.88 
10.76 
13.64 
17.33 
15.93 
19.53 
17.12 
18.60 
13.60 
11.27 
7.84 
5.64 
A. 24 
2. SO 
1.40 
.81 
.38 
.25 


yumber. 
0.13 
.59 
.64 
.68 
1.19 
.93 
1.61 
1.14 
1.53 
1.19 
.86 
.42 
.51 
.55 
.38 
.13 
.13 
.21 
.04 
.08 
.04 


Numbrr. 
1.57 
2.67 
2.71 
2.46 
2.50 
2.03 
1.99 
1.82 
2.37 
1.53 
1.31 
.51 
.47 
.42 
.21 
.42 
.17 
.38 


yumber. 

3.18 
2.54 

2.08 
1.44 

J.4S 

. (> 
. 76 
.38 

.2ri 

.13 
.38 
.06 
.04 
.04 




33 
24 


.08 
.08 
.04 
.04 












26 
29 

Total 




.04 


















_ 

173.98 
78.98 


12.97 
8.79 


25.78 
11.49 


13.60 
5.97 


220.23 
KMkOO 



TREES 10 INCHES AND OVER IN* DIAMETER BRK ASTlf 1 ' JI . 













, ■ ■ ' 




10B.4B 


8.81 


U.84 


3.10 


198.98 




n.98 


0.98 


».» 


1.88 


389.09 



tCir. un] 
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Table 7 gives the lodgepole pine type, quality 11, which includes the 
typical pure lodgepole slopes, on which the trees are 56 to 76 feet high. 
This type comprises therlargest part of the forest— 61 per cent in this 
case — ^and may be regarded as the average stand. 

Table 7. — Lodgepole pine type, quality JI, in the Medicine Bow National Forettf 

Wifommg. 

(Trees 4 Inches and over tn <liuinet«>r brPAsthlgh uu HNii acrrs.] 
AVERAGE TREES PER ACHE. 





Lodg«pola plna. 


Engel- 
maan 
fpniM. 




Atpen. 


wood. 


upoclwi. 


Sound. 


Cull. 


4 

41 

A 
V 

t 

8 
9 
10 
11 
12 
13 
14 
15 
W 
17 
18 
10 

ao 

21 
22 
23 
24 
25 
26 
27 
28 
29 


,V|J iufi' r. 
l:l 

IS. hi 
.'1. i^i 

1i> 

lis. (H. 

1 S. 

I'l. y> 

]n. is 
7 <»") 
i T.\ 
AJ*) 
J.txi 
1.00 
.f.7 
. 2s 
. I'". 
. 11 
. (J-i 
.03 
.02 
.01 
.02 
.01 


0. 30 

.7S 
1 J4 

1 . 7.;i 

1 U-' 

1 . irt 
L'. (tr 

1. 7s 

1- > yj 

1 . .'14 
1.07 
. S5 
.57 
.37 
.28 
. t« 
. 12 

. IKl 
.01 
.01 
, III 
.01 


.Vu ;«/.;» r. 

V. 7i 

1 . 01 

1 

1 . u:; 
. \u 
. :a 

. 7)'' 

. 

. .LI 
. S2 
.21 
.21 
.13 
.11 
. W 
. 07 

. 1 !.'. 

. o:! 

. o-J 

.01 
.01 
.01 


mlifr. 
1 . .".7 
1. Jl 

1 j:, 

. \>i 

. ■^i 

Aii 

.38 

.27 

. \'J 
.fi',» 
.117 
. 01 
. fi2 


.Vi; inl'i'T. 
0. 01 

. (H 
. Ill 

.01 
.01 


.Vjl !lll)r r. 
U.Ul 


yumber. 














1 








1 




1 


1 1 




1 




1 


. IVJ 
. 02 
.01 

.01 


































1 












'. 1 


: ■ 1 




1 




1 1 




oi 












, St.OS 

1 


6.79 




2.78 1 .08 


.Ul i Mi. 16 






IOOlOO 








TRBB8 10 INCHES AND OVER IN DIAMETER BREASTHIOH. 


Total 


8&S7 
8&6» 


laas 

10.01 


3.96 
9.» 


i.ia 

1.0S 






108.43 

loaoo 
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Table 8 gives the lodgepole pine type, quality III, which is found 
on the higher ridges and slopes. Tlio trees are usually under 55 feet 
in height and of inferior quality. The typQ comprises about 30 per 
cent of the Dougliis Creek watershed. 

Tablb i,—Lodgep<^ pine tgpe^ quality III, in the Medicine Bow Nationai FctnH, 

Wyoming. 

ITnm 4 ioolie* And over In dlMOdter brettstbigli ou 4tfl ftcrM.] 
AVBRAOB TREES PER ACRE. 



bvaMthigh. 



4 

5 
6 

7 
• 
9 

19 
11 
12 
13 
14 
15 
16 
17 
18 
19 

ao 

21 
22 
23 
24 



Totai... 
I*er cent . 



I^lgepolc pinc. 
Sound. Cull. 



' 2&07 
SIL47 

Mao 
at. 00 

16.14 
11. €S 
8.02 

5.38 
S.37 
2.24 
1.47 
.82 
.&5 
.36 
.13 
.08 
.06 
.03 
.02 
.01 
.OB 

233.90 
H4 91 



JAunter. 
1.08 
&38 
4.41 
4M 
4. ST 
3.43 
2.0S 
117 
2.0B 
1.3S 
.98 
.71 
.45 
.24 
.17 
.10 
.03 
.03 
.03 
,01 



Alpine fir. 



I Miin(er. 

1.18 
1.07 
.98 
.02 
.» 
,V 
.» 
.17 
.10 
.00 
.OK 
.03 
.01 
.01 



.1. 



33.00 
11.98 I 



fingelmann 
Bpmoe. 



0.27 
.40 
.48 
.83 
.37 
.» 
.21 
.18 
.18 
.11 
.11 
.00 
.06 
.08 
.02 
.01 
.01 
.01 



a. .16 

1.05 



3 20 
1. 10 



To till o( 

lhit?e 
species. 



Ifmmber, 



275. 46 
100.00 



TREES 10 INCHES AND OVER IN DIAMETER BKEASTHIGH. 



■■ — 


f 








1 


Total 




11.22 


0. • 


1.04 1 


63.50 . 




79.66 1 


17.67 


..«., 


1.64 1 


moo 1 
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MPBODvonoir. 



Seedling stand tables are misleading, ^iiu e they apply only to 
small uroas and do nul show 'jciieral reproduction. They indicate 
the reproductive j ...Nihilities ot a tree under certain eonditions only. 
Thus, Table 9 ^ives the number of seedlinirH on an area 20 feet by 
20 feet, tiie average of five plots of those dnuensionis. 

Tablb 9.—S€eiUng lodgepole jpine stands OallaUn Coun^, Mont, 



AvcraKB trees 

Height. JO u^'i !)>• JO 
Jeet on plot. 




This would give a stand of more than ol).(H)i) trees per acre, but an 
acre of such reproduction might not be found in one continuous area. 
The fact that lodegpole pine reproduces \iguruusly after fire^ and in 
openings where the soil is favorable is well illustrated by the dense 
mature stands. 

Seedluig growth varies greatly, and is influenced most by relative 
lifjht and shade. Table 10 <nves the aTern<re heitrht attained by 403 
seedling from 2 to 20 years old growing in o])eninjrs, in Gallatin 
County, Mont. No trees over 8 feet high were measured; yet some 
trees from 10 to 20 fe^jt high may have been only 20 years old, or less. 
Had these been included the average would have been much higher 
than the arbitrary' 8 feet. 

Table 10. — Seedling height growth <^ hxigepoU pinein openinge^ in OaUatin County, 

Mont. 



Age. 


Height. 


Yean. 


Ftet. 


1 


1 0.3 


a 


.6 


3 


1 .8 


4 




5 


1 .:S 


6 


1.2 


7 


1 15 


8 


! S 


» 




10 


28 


11 


1 a. 3 




J 



BmU. 



Trte*. 

V 

I 
1 

11 
30 
41 



Age. 



Height. Baeto. 



Ytar$. 

12 
13 
14 
15 
16 
17 
18 
19 
20 



ToUl. 



I 



Feet. 
3.9 
4 5 

5. 1 
5.6 
«. 1 
G.6 
7.0 
7.5 
8.0 



463 



TrttM. 

77 

75 
51 
28 
12 
18 
13 
23 
7 
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According to the explaiiutionrf of the stand tables, the different 
types sliould show varying heights for a <i\vvu diameter. A tr(:<» of 
10 inches breasthi^h diameter may be 7! feet high on a lodgepole 
slope in Montana, and 04 feet lii^li in tlie creek type, where the stand 
is not so dense. Tlie Al})ine or transition type wmilfl tshow a much 
smaller lieisj;ht for tlie same diameter. Unfortunutfly. stem analy- 
ses have not been taken on each type, and it is impossible to illus- 
trate each one. However, tlie lodgepole ])iiie slope of the northern 
section and lodgepole pme, quality TT. of the southern section, 
which together represent tlie averajjje ty{)es and much tlie liir^er 
areas, are well represented in Table 1 1 , and are dirt'ciliy (•omj)arable. 
The tree in Montana seems to have a sJi^htlv greater heii^ht for a 
given diameter than in Wyoming. Trees 13 inches and more in 
diameter var}' little in height for average types in the diilerent 
seciious. 



Table 11. — Ccmpmon ^ average heiglde of lodgepole pine. 



Diameter 
brcAst- 



Lodgrpole pUia, quul- 
ity n,MedleiiMB<>w 
National Forest. 
Wyoming. 



3 
S 
4 

5 
l« 
7 
8 
9 
10 

n 

12 
13 
M 
15 
lU 
17 
18 
VI 
21) 
21 

a 



Lodgejwlo slope, OaJ- 
laun County. Mont. 



F lat or crMk type. Qal- 
lAtin County, ICont. 



Feet. 



sa 

64 

71 
71 
74 
7« 



Battis. I 
Tree* 



3 
6 
34 

220 
2f»3 
239 
88 
23 
1 



907 



Height. 


Basis. 


Ucight. 1 Basis. 


■ 

Feet. 


Tfeea. 


Feet, 


lieee. 


21 


4 




31 


10 


34 


I 


41 


12 


40 


3 


» 


6 


45 


2 


S7 


12 


50 


I 


62 


13 


54 




66 


H 


57 


13 


69 


74 


00 


14 


71 


205 


03 


H4 


73 


248 


66 


88 


74 


1^ 


OS 


fO 


75 


76 


71 


37 


7») 


82 


73 


ao 


77 


71 


75 


34 


78 


43 


77 


Hi 


79 


25 


79 


16 


79 


16 




7 


80 


10 


81 


7 


81 


11 


83 


3 


82 


2 






82 


7 












1,281 




398 



O&OWTH. 

Table 12 gires rates of growth for different regions. The first 
three columns are types that maj be compared. Gallatin County, 
Mont., shows the best rate of growth, the Bighorn region next, and 
the Medicine Bow region shows an exceedingly slow growth. These 
icir.m] 
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figures apply to the greater prupoition of the lodgepole forests. 
The creek type of the QaJlatin, Mont., district shows a comparatively 
rapid growth uid may be accepted as a mMTwuiri applicable to less 
than 5 per cent of the forest. 

These tables toe very general and show that in this regicm lodgepole 
pine growth is rery slow^ though on exceptionally favorable situations 
like the creek type it is fairly rapid. The degree to which the cli- 
matic factors and the varying densities affect the growth is not 
discernible in these figures. 

Table 12.-^ompari»on» of average diameter grotalh c/ IcdgepoU pine. 



Slope type. 



Age. 



Years. 
20 

ao 

40 

50 
60 
70 
80 
90 
100 
110 
130 

lao 

140 

IfiO 

160 
170 
180 
190 
200 



nallatinCoinity. 
Mont. 



Diamoter 
breast- 
high. 



Inches. 
2.2 
4.0 
5.4 
6.6 
7.7 
8.7 
9.6 
10.5 
11.2 
11.0 
12.5 
13.0 
13.5 
140 



Basis. 



Bighorn NatioiuU 
Foiwt, Wyoming. 



Diameter 




Diameter 


bruAHt- i 


Basis. 


breast- 






high. 


( Inches. ^ 


tnps 
old. 


/ndkcf. 


1.5 ; 


0.3 


3.0 1 


21 


1.6 


4.4 ; 


"1 


2.8 


5.7 


3.7 


6.7 




4.4 


7.6 


= 


5.0 


&4 




5.6 


0. 1 




&2 


9.7 




6.7 


10.3 


is 


7.2 


ia7 




7.7 


11. 1 


8.2 


11.6 


« A 

S » 
c = 


ae 


12. 1 


9.1 


12.5 
12.8 


E c 


9.6 

lao 


13.2 


ia4 


13.5 


S 

I 0 


10.8 


13.8 


C 


11. 1 



M«dicl»eBoirNa^ 
tkMUU ForosI, 
Wyoiatng. 



Basis. 



c 

I 

Si 

c S 
c >> 

o s 



5 » 



Crock type, Gaiki- 
tln County, Mont. 


I)iainc(i>r' 






Hit. sis. 


high. ! 




' 7ncA/*. 
2.5 
16 
U.4 
8.0 
9.4 
10.7 
11.8 
12.8 
13.8 


= S 

C 0 

«** 



3 SO 

as 

® o 

3 * 
S 



The increased diameter growth through openings made by logging 
is shown in Table 13» whidbt compares the ^ameters that trees may 
attain in ten, twenty, and thirty years after logging with those of the 
unopened stands. Readings were made on 395 stumps on land cut 
over ten, twenty, and thirty years ago in the Medicine Bow National 
Forest. A growth rate was calculated excluding the ten, twenty, and 
thirty year readings, and from this the virgin growth shown in the 
third, fifth, and seventh columns was obtained. By tabulating the 
increase in growth covered by the last ten, twenty, and thirty years 
the figures in the first column were obtained. The first ten years 
after logging b seen to make little difference, and is evidently needed 
in recovering from suppression, but in thirty years (here is consid- 
erable difference for the smaller trees. For instance, a 2-inch tree 
after thirty years reaches a diameter of 4.65 inches in a logged stand, 

(Or. 136] 
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but only 3.85 inches in the dense stand — a gain of 0.8 of an inch in 
thirty years. This increase of growth diniiuishes in the larger trors. 
so that a 0-inrh troc in a logjjfpd stand shows an advanta<^o of only 
0.05 of an inch in thirty years. Evidently the larger, mature, and 
domiuant trees have little to gain by the opening up of the stand. 



Table 13. — Increase oj diavieter growth due to logging, Meaicinc Bow NatUnial Forest, 

Wffondng. 



t 

DiMnetw 

breasthigh ' 

time. 


Dlaiin tf-r ;ift«r , 
10 yc'jirs. 

II logged. |Not lagged. 1 


Dlainrtrr after 

20 yon FN. 

II lugged. |Not lagged. 


ni;imi'tiT nlt«r 
30 yenrs. 

11 lagged. iNot logged. 




Jntli'^. Inches. 


Inrhft. 


/nr?i<-^. 


Jnchf*. 


Inchr«. 




■2.1i) 2.70 


3.«5 




4.155 


3.85 


9 


3. 65 i V. 


A. .TO 


4. (i.'> 


5.10 


4.50 


4 


4-55 4 . 4ii 


:,. Lf) 


4.90 


5.90 


5.35 


5 


5.55 5. 40 


>■> ID 


5.H5 


0.90 


<i. 30 




6. 55 (k 45 


7. M 


7.00 


7.90 


7.50 


i 


7. 55 7. 50 


S '.'(I 


8.^ 


H.90 


8.55 


8 


fL5b M. 55 


y. l.i 


9.06 


9.H5 


9.W 


9 


9. 55 U. 55 


10.15 


iai5 


10.80 


10. 75 


10 


10. 55 


11. 15 




11.80 




11 
12 
13 
14 
16 
16 
17 
18 


ll.fiO 


12. 10 
13.10 
14.00 
15.00 
15.95 
lti.90 
17.80 
18.70 




12.75 
13. 75 




12. 60 






13. 45 




1 4.(15 
15.60 
16. 55 




14. 45 






15.40 






16.40 




17.45 

18.35 
19.20 




17. 35 












114.30 j 








For accurate rates of height growth, ineasiirements must he taken 
at unifnr!!' Iiric^hts from the ^ound to the lop and ncrin-Hto riTiir 
couni.s iiiu(ie on eiujh cross section. T'nfortiinately, in the io(i«^e|)oie 
pine analyses these counts were Tint made above the stump tHH;tion. 
Thi"-' (liihcuity is sometimes bridged by the indirect method of read- 
inL: across the age-diameter and diaineter-heiglit curves: for e.xaniplo, 
a tjU-3'ear old tree in n, specified type liaa a diameter of 7.7 inches 
brcasthigh and the iiei^rlit corresponding to a 7.7-in<'li diameter is 
05 feet; therefore a tree (iO years old should be {\b feet liigh. A 
growth-heiglit table may be constructed in this ^\ ay, but since its 
silvicultural accuracy is questionable, it is not included. 

VOLX73CB. 
BOARD FEET. 

Table 14 gives the volume in board feet, Scribner log rule, for trees 
of various diameters and heights, >\ith a top cutting limit of 6 inches 
inside bark. The table was constructed from trees cut in the Gallatin 
region of Montana, but the height class division makes it applicable 
to any region or type where the height is known. 
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The 1,817 trees measured for tliis table were cut and scaled as 
16-foot and 10-foot logs. A uniform 10-foot log woidd give a slightly 
higher board foot volume. 

Tasib 14. — Volunu of lodgepaie fine, hoird wuamn, QoOnlin ComU^, Mont. 
[Gat Into le-f oot and IMoot logii to a top dlamfltar of 6 Indies taulda bwfc and aoaled by Boilbnar log rate.] 



Diameter 
breast- 


Hdi^t of tne In feet— 






«. 


7D. 


80. 


90. 


100. 


Ifidtet. 
10 

11 

13 
13 

14 

15 
16 
17 
■ IS 
19 
20 
21 
22 
23 

:m 

Total 


Bd. ft. 

M 
00 
7o 
90 
lOo 


Bd.ft. 
66 
75 

90 
105 
12.''. 
140 

leo 


Bd. ft. 
7S 
90 
105 
125 
145 
170 
195 
223 
2.'iO 
275 
300 


B4,ft. 

90 
105 
125 
145 
170 
200 
230 

2eo 

290 
320 
345 
375 
400 
4.» 
456 


Bd. II. 

125 
150 
180 
215 
250 
285 
315 

:«o 
m 

415 
4.G0 
490 

525 


Bd. ft. 
125 
155 
185 
216 

aw 

285 
315 
.150 
3S5 
420 
400 
495 
530 
565 
000 


Number. 

m 
sw 

146 

120 
113 

eo 

44 

25 
17 
14 
2 
6 


















1 





















1 




















1,817 


_ . 
















OUBIO FEET. 

Ta])le 15 pfives the total Toliime of t)i4' stem in cubic feet. To 
reduce this to luerehnntahle wood an allowance of 12 per cert must 
be deducted for hark, stump, and a 4-inch toj). Tlie bark alone 
forms about 0 per cent of the total vohimc. Tlie allowances for top 
above 4 inches inside bark and for a stump 1 foot high vary snreatly 
with the dianieler and onl}' .slij^htly with t])e height. The allow- 
ance for a lO-inch tree is 6 per cent, which wa--^ Uikcn as tlie averaL^e. 
This, added to the 6 per cent l)ark allowance, •^•■ivps the total allow- 
ance of I J per rent. The variation in the ailowauce for stump and 
top is as follows: 



brcant hit'li 
of tree. 


RAtloaf 
I'loot 

-tamp and 
4-mcn top 
to total 
volume. 


Inches. 


Per cent. 


6 


18 


8 


7 


10 


6 


12 


5 


14 


5 


16 


5 



[ar.UB) 
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Tawuk 15.— Volume o/ hdgtpoU pme^ cubic eontetUt, Oallatin County, Mont, 



Din nirt*T 
high. 



Bdght of tnm in f est— 



4 
5 
C 

10 

II 

I'J 

13 
U 
16 
1« 

T7 

]M 
11» 
•Jt) 

21 
» 



30. 1 «. 


€\k. ft. 
1.2 


On. /I. 

1.7 
&0 

































3.8 
\6 
7,6 
10. 0 
1Z5 
15.5 
1&6 
2L6 



47 

9.3 
12.0 
15.0 
18-0 

21. r, 

-'.5 0 
29.0 
32.5 
3&5 



70. 



Cu.ft. 



&3 

11.0 
140 
17.5 
21.0 

2i 0 

■J<x u 

33.0 
37.5 

11.0 
47.(1 
,'. „>. * I 
,'i7 0 
>I J. 

73.5 



5U. 



9.4 

12.8 
16.5 
20.6 
246 
2&& 
33.0 
37.fi 
43.0 
4*^ 0 
.■>4. ( I 

.>>. 

I'.j. ."r 
71. .-. 
77, ■> 

88.5 ) 



90. 



19.0 
23.0 
27.6 
316 

37.6 
i2.6 
48.5 

M .-. 
i.l.n 
i>7. 
"1.0 
Sl.O 
s7. 
»40 
101.0 



to 
u 

14 
13 
63 

71 
136 
75 
71 
34 
34 
•J 7 
-22 
18 
111 

;;i 
1 1 
3 
5 



BOX BOABD8. 

Since the box board industry now uses lodgepole pine, a table of 
the contents of trees in "wany" and round-edged boards w ould be 
convenient. Such a table can be const nicted from Table 15 by con- 
verting the cubic feet intoboartl feet of wanj-edged boards, according 
to the following relation, which holds lor second-growth white pine 
in New Hampshire, cut \^'ith a one-fourth-inch circular saw, and 
which will apply to lodgepole pine closely utilized: 



Diameter 
breast* 
Ugh. 


Uoanl feet 
per cubic 

frKJt of 
Totiil 

Toluiae. ' 


Plnmeter 
breait> 
, Ugh. 


lloanl fcot 
p«T cubic 
foot of 
total 
Toltime. 






I tnehe*. 




« 4.0 


' 15 


0.1 


7 


46 


16 


6.2 


8 


0 


17 


6.2 




r,. 4 


IK 


II. :\ 


10 


5.6 


! 10 


6.3 


11 


5.8 , 


20 


C4 


12 


5.9 * 


21 


a5 


13 


6.0 


1 ^ 


0.6 


14 


j 






L 




1 





The board feet f';ivcn m thi.s tabulation are actual saw cut and not 
S<Tibner rule. The relation is per cubic foot of total volume, '^tuinp, 
top, and bark included. Thus, to find the actual contents in board 
feet of a 6-inch tree when sawed into round-edged box boards, its 
volume in cubic feet (see Table 15 ) uuist be multiplied by 4. This 
factor increases with tlic liameter of the tree and reaches 0..^) for a 
22-incb tree. It also increases very slightly with the height of a tree, 
but for practical puiposes the iigures apply to all heights. 
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TIES AND FUOPS. 

Two tie and prop volume tables are given. Table 16 was con- 
structed from taper curves, and only first-grade tieSi 6 Inches hj 8 
inches by 8 feet, are included. The rest of the stem to 6 inches is 
regarded as mine props. This table should be used where tie inspec- 
tion k very rigid, and second-grade and cull ties are not merchantable. 
It allows a large part of the tree to go into props. 

Tablb 16. — Average number oj Jirst-cUm railroad ties and mine props in lodgepoU 
pim, bated cn tapar evrvcM, OoOotm Couniff, Mont. 



Diameter 
broast- 
hlgh. 


Eelt^it ta feet— 




70. 


80. 


W 

Ties. 




Tios. 


Props. 


Ti.'s. 


Props. 


Tir.s. 


Props. 


Props. 


Inclut. 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 


Number. 
1.2 
2.2 
2.6 
3.0 
3.5 
3.9 






Feet. 
27.0 
20.0 
17.5 
16.0 
13.0 
11.5 


Number. 
1.3 
£4 

3. I 

4.1 
45 
48 
49 
&1 
5.3 
i.4 


Feet. 
31.0 
25.0 
22.0 
19.0 
1&5 
145 
13.0 
12.5 
UO 
11.0 

las 


Number. 
L4 
Z8 
3.6 
43 
47 
&1 
&4 
&6 
&8 
ft.9 
6.0 


Feet. 
38lO 
27.5 
23.0 
19.0 
17.5 
15.5 
14 0 
13.5 
1X5 
It 5 
ILO 


Number. 

44 

5.2 
5.7 
6.1 
6.4 
&6 
5.8 
&9 
7.0 
7.1 
7.2 


Feet. 
24 5 

2ao 

19.0 
17.0 
IS 5 
110 
13.0 
12.5 
1X5 
1X0 
11.0 


i 










1 







Table 17 is based on a study of trees actually cut for ties in the 
Medicine Bow National Forest in Wyomix^. Trees above 15 inches 
are more valuable for lumber, and were not cut for ties in this forest. 
Second-^ade and cull ties were worth more than mine props; so the 
number of ties does not refer to first grade alone, but includes about 
25 per cent of second-grade ties. For the smaller diameters the per- 
cent aj^c of second-grade tics is much larger. 

The length of props in both tables is given in linear feet, in order to 
facilitate the calculation when props of varying lengths are desired. 

Table 17. — Av€raae number of first and second class railroad tics ami of mitu props in 
loi^pole j»n«t Muetf on actual cuUinfft Medidne Bow National Foretty Wfoming. 



Belgbt o( tree in l«et— 



l>l<nneU»r 
brPABt- 
bigh. 




0. 


00. 


70. 


SO. 


90. 


BmU. 


TlM. 


Props. 


Ties. 


Propi. 


Him. 


PropCt 


TfM. 


Prop*. 


Tie*. 


Prop!. 


htdte*. 
10 
11 
12 
13 
14 
18 

Total... 


A'o. 
2.0 
2. 4 
2.8 

a 3 

3,7 
40 

. 


Fra. 
17 
13 
12 
11 

a 


So. 
2.3 
2.7 
3. 2 
3. 6 
40 
4 4 


Feet. 
21 
18 

i:> 

14 
13 
13 


No. 
2.5 
3.0 
3.5 
4 0 
45 
&0 


Feet. 
25 
21 
19 
17 
15 
11 


A'O. 
3.0 
3.6 
41 
47 
&1 
&8 


2B 
25 
21 
I'j 
17 
IS 


40 
45 
49 
5.4 
&8 


28 
24 
21 
19 


Ttws, 

32 
219 
292 
239 

8 


1 


















1 










1 







(Hr. laaj 



Digitized by Google 



31 



APPLICATION OF VOLXJME TABLS8 TO STANDING TIMBER. 

In applying the volume tables to standing timber in the estimate 
of yield for the Douglas Creek watershed of the Medicine Bow National 
Forest, Wyoming, the following percentages were deducted for cull 
trees, defects, and open spots: 

For pent. 



Quality 1 26 

Qoftlityll 30 

Quality III 35 

Spnut fontt. 

Pine 30 

Spnice .,«...............,,.,... 15 



This deduction is ample for ties, props, and lumber. For box 
boards and pulpwood the deduction would probably be much less. 

TOBX. 

Btrrr tafeb. 

Table 18 gives the diameters outside bark, at 1 foot intervals, 
from the groimd to a height of 5 feet, for trees of a given diameter 
breasthigh. It can be used for estimating the breasthigh diameter 
when stumps only remain. It also gives an idea of the height and 
amount of the root swelling. 

Table itt. — Butt taper oj lodgepok pint (w thown by diameter outtide barkf Medidne 

Bow Ifatianal Fortit, Wyoming, 



Diameter 




Height from gruuud in f««t— 




















breast- 












Basis. 


high. 


1. 


2. 


3. 


4. 


& 






Inches. 


Inchet. 


Inchet. 




Inches. 


Inches, 


■ 

Trees. 


5 


5.5 


5.4 


5.2 


5.1 


4.9 


5 


6 


6.6 


6.4 


6.2 


6.1 


5.9 


18 


7 


7.8 


7.4 


7.2 


7.1 


6.9 


25 


8 


8.9 


8.4 


8.2 


8.1 


7.9 


ee 


9 


10.0 


9.4 


9.2 


9.1 


8.9 


90 


10 


11.1 


10.4 


10.2 


10.1 


9.9 


122 


11 


12.2 


11.5 


11.2 


11.1 


10.9 


136 


12 


13.3 


13.5 


13.2 


12.1 


11.0 


104 


13 


14.4 


13.6 


13.3 


13.1 


12.0 


75 


U 


1&6 


117 


143 


14.1 


13.9 


45 


l& 


16.8 


1&8 


1&8 


15.1 


14.0 


22 


M 


U.0 


1&» 


I&4 


l&l 


1&» 


0 


17 


19.3 


l&l 


17. ft 


17.1 


l&ft 


6 


Total.... 




r 






785 






1 







TAPES Ol* 8TKH. 

Table 19 gives the comparative diameters inside the bark of lodge- 
pole pine trees of various diametm and heights. This table was 
prepared from data collected in Gallatin County, Hont., but the form 
does not vary materially in other regions* 

The table may be used in finding the probable number of various 
sized poles with a specified top diameter that may be cut from agiven 
stand, provided the average height is known. For example, if it is 
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desired to know the nnniber of poles witli a 7-inch top tluii inny be 
got from a stand in quaiit}^ II in Wyoming with an average lieiglit of 
60 feet, the taper table for GO feet will show that a lO-iiich tree uiiJ 
yield a 30-fooi pole, allowing for a reasonable htump; an 1 1-iiu h tree 
will yield a 30-foot pole; a 12-inch tree a 3o-foot pole, and so on. 
By multipljang by the nnmber of trees of each diameter in the stand 
and makiiig the proper allowftnoe for cull trees and defects, the 
estimated' yield in poles of different sizes may be obtained. To 
insure accuracy this table, as all other forest tables, should be applied 
to a ntimber of trees. 

Tabu 19.— Stem Uiprr of lodge pole pine, at ikown hydieaiuier imiie hark, Oalhiin 

County, MmU. 

TREES 60 FEET IN HEIGHT. 



Diamctor ' Height from ground fn feet— 



breMt- 
Mgh. 




10. 1 15. 1 10. 


25. 


30. 


35. 1 40. 


45. 


50. 




J Itches. 
10 
U 
12 
13 
14 
16 


Inchm. 
10.0 
10. K 
11.6 
12.6 
13.5 
11.5 


Inches. 
9.2 
10.0 
10. h 
11.6 
12.5 
13.4 


Inchfs. 
8.8 
9.5 
10.2 
11.0 
11.8 
12.7 


Ins. 
8.5 
9.0 
9.6 
10.3 
11.1 
12.0 


Int. 
8.0 
8.4 
8.8 
9.4 
10.3 
11.1 


Int. 
7.3 
7.6 
8.0 
8.5 
9.3 

10.0 


Int. 
6.6 
6.8 
7.1 
7.5 
8.1 
8.8 


Int. 
5.9 
6.0 
6.2 
6.5 
7.0 
7.5 


In*. 


Int. 


Trers. 
.W 
50 
51 
17 
9 

9 ; 


5.2 
5.4 
5.6 
5.0 
6.3 


4.5 
4.6 
4.7 
4.9 
5.1 
















1 
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TREES 70 FEET IN BBIOBT. 
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TREES 80 FEET IN UBIOHT. 



Dianu>- Bsil^it frotn ground in ttst— 
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Int. 
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9.7 
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11.6 
12.2 
12.6 
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9.2 
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11.2 
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Int. 
6.6 

7.0 
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8 4 
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9.4 
9.8 
10.2 
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11.0 


Im. 

6.0 
6.4 
6.8 
7.2 
7.6 
8,0 
8.4 
8,7 
9.1 
9.4 
9.7 


Int. 
5.4 
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6 0 
6.3 
6.7 

7.0 
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7,6 
7.9 
8.2 
8.4 


Int. 

4.8 
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.V3 
."i.S 
5.8 
6.0 
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4.8 
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28 
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19 
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Tabls 19. — Stem taper of loduepoU pine, as shown by diameter inside bark, Gallatin 

vount^, Moni. — Continued. 
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YIBLD. 

As a general index of the yield in board feet, the following esti- 
mates are given: 

Yield per acre in board feet, Gallatin County, Mont. 



[Cutting to a diameter breastbigh ol 11 Inches.] 



Type. 


Lodgcpolc 
pme. 


Dou^s fir 
and Engel- 
mann •pruce. 




Board feet. 

5.900 


I No Jidda 
j computed. 




7.200 
3.800 

r.ooo 



(Clr. 126] 
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liny matter which can be shown by map, although they may not 
always be desirable for small explanatory sketches sent in with 

correspondence. 

The Grazing Map legend is not for use on the 1 inch to 1 mile 
Atlas sheets. Data relating to grazing will be drawn on a smaller 
scale map, which will form one page of the Atlas. It will Ix^ colored 
with crayons, so that alterations may easily l)e made when changes 
oc(;ur in the areas open to any kind of stock or when areas are closed 
against grazing. 

Any data forwarded to the Service on township plats, or otherwise, 
if of permanent value, will be entered upon the Forest Atlas. WTien- 
evef sufticient data are received for a group of townships a standard 
map will prepared, to \>o included in the Atlas, and a copy will be 
sent as soon as possible to the supervisor to replace less complete 
maps. In this fashion, by the cooperation of all conceiMietK tlie map- 
ping of the National Forests can go on systematically, initil a com- 
plete system of detail maps has Iwn completed. When a Forest is 
c(jm])letely mapped the map will be lithographed bo as to be generally 
available. 

Approved : 

Jahbs Wilson, 

Secretary. 

Washimotok, D. C, March 5, 1907* 
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THE BETERMINATION OF TIMBER TALUES. 

By Edwartj A. Bbaniff, 
ffortft AdtuUmtt Bw^mu of Fonttry* 

IMTKODUOnON. 

In the past it ha.s been cu^Loniurv to base estimates of proltaltlo 
profits from the nianairemeiit of iund.s for the future production of 
timber in the Uiiiu <i States upon the increase of the timber in (|uan- 
tity. Everyone faniiliar with the lumber business kitous^ however, 
that the lumber which comes out of large trees is worth more per 
thousand feet than that which comes from .small trees, because the 
large trees turn out a higher proportion of the choice grades. It is 
apparent that estimutcs of protits through careful ioie.sl management 
should take into account this factor of quality increase; but, in the 
absence of an accurate determination of ^\ har thisei (juality increase is, 
it lia.s hitherto be^n impossible to do inure ihan state in general terms 
the fact that such an increase would take place and that its eflfect would 
be to make the proiii from deferred operations greater than that actu- 
ally shown by the figures indicating the future yield to be expected. 

DESGBIPTION OF THE BXFBBOIBinB. 

During the winter of 190^i— i, and the following spring and summer, 
experiments in sawmills in different parts of the country were con- 
ducted by the lUii* iiu of Forestry. This article will be contined to 
a statement of how the experiments were performed, to extracts from 
yome of the tal>li s and the printing in full of others, and to a brief 
discussion of their application. 

The experiments completed so far have to do with longleaf pine in 
Alabama and in Louisiana, and with yellow birch, sugai- maple, and 
beech in the Adirondacks of New York. The results here reported 
were obtained mainly from Adirondack hai'dwoods. Further experi- 
ments are now progressing in the Appalachians of West Virginia with 
yellow poplar, white oak, chestnut, ash, and other hardwoods typical 
of that region. 

The main queetton which the experiments were to answer was: 
Kzactly how much more valuable is a particular kind of tree of a oer< 
tain size than another tree of the same kind and of smaller sixet 
Clearly, the matter could be got at only by following the logs from 
trees of all diameters through the sawmill and finding out what each 
sawed out in amounts and grades of timber. And since the experi- 
ment was concerned not wi3i individiul logs, but with whole trees, all 

468 
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the logs from each tree had to be traced id such a way that the aggre- 
gate product might be known. So men were placed in the woods who 
followed the saw crews^ scaled each log, and marked it on the ends. 
Each tree was given a number and each log in that tree an additional 
figure, as 1, 2, etc., to indicate the first log, second log, etc. For 
example, 576' indicated the second log from tree 576. The logs were 
scaled according to the log rule locally usod, as a check for their 
identiiiciition and in order to compare their contents according to the 
log rule with what they actually sawed out in the mill. 

In the mill a man was stationed next to the skib carrier, and as each 
piece of siding from a marked log dropped on the live rnth^rs this mao 
chalked on it while it went by the number of the log from which it 
came. When a marked siding had passed through the edger and trim- 
mer and had come out at the end of the mill a piece of manufactured 
lumber, it was graded by a oompetent inspector, and its log number, 
dimensions, and gnule were tallied. By thcso means the contents of 
each log, both in grades and in qnanttties of lumber, were absolutely 
determined. 

This, in brief, was the method used for all species except longleaf 
pine. In the case of longleaf pine the numl)er of men available for the 
work was not sutticient to trace each piece of siding through the mill 
to see what it artually made in luml)er. Instead, it was graded as it 
dropj)ed from the saw and its contents were estimated. 

In working up the results, the logs that had passed through the mill 
woro (ir.st comhincd to form coniplctc troe--. If a lo<; were missing, 
the results for nil the re>t of tlie logs from that tree had to he thrown 
out. All exception was made in the ca.se of Adirondack hardwoods, 
wlit'H the TTii>-sing log was an S-foot top rut of just su6Sciont diameter 
to make a railroad tie and one or two boaids of tho inferior grado-^. 
In such cases the missing lo«,' was graded like a top Unj of sinnlar 
dinieiiHions and speeios from another tree, in no in-t?iniM> was this 
sul»>titution used for any hut small, knotty, 8-foot top logs, and theu 
only when it cotild safely U' done. 

The tn es were next divided into diametei- ( lasses ^-nrving by 1 inch, 
and all ilie Uimher i'rtvv. eaeli elit-^s was tallied b}' --epjintte </? !Hh*s. '^rhe 
tot^il numlHir of feet of each *rrade was then divided Uy riie numfMM* of 
trees tallied for that elas-. arxl the result wjis th»' avem.jr*^ arnonnr of 
lund)er of that <_'T;vh'. Finally, the ligures for each grade were rounded 
oH' by curves to reduce irregularities. 

RESULTS OF BXPEBDfEltTS. 

The result^ of these measurements were two tallies for each speeies, 
one showing tlie number of feet of each grade of lumber sawed from 
a tri'c of }_riven diameter, the second showing the money value of iho 
lumber yielded by a siugle tree of each bize, aud the average value per 
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thouMnd feet of the lumber. The tables showinj^ money values were 
made by applying to the tables of grades the average selling price of 
the Imuber at the mill. 

The folio wiug table gives the grades for yellow birch: 



Qraded volume <tf yelfaMo MrdL 



Diam- 
eter 
breaii- 
waga. 


FireM 
and 
leooads 
reo. 


Pirete 
and 


No. 1 
oommon. 


Snipping 
cuUh I No. 
Zoom- 
moil). 


Mill onlis 
(No. 3 
com- 
inoii). 


flnnnd 
7" In- 9" 
by8''Uee. 
(•> 


rotal. 


Number 
of trees 
tallied. 












Bd. tL 


Bd. n 


Bd n 








g 


1^ 




Mr 






9 

W 






7 


7 


7 


37 


37 


96 


16 


15 




11 


10 


g 


41 


55 


125 


28 


16 




16 


12 


8 


88 


72 


146 


32 


17 




22 


14 


8 


85 


84 


188 


>8 


18 


2 


28 


17 


9 


86 


94 


ISfi 


67 


19 


4 


36 


20 


10 


4S 


102 


2!7 


50 


20 


8 


i4 


24 


11 


65 


108 


ZM) 


89 


n 


28 


54 


- 28 


18 


85 


U4 


207 


40 


22 


26 


66 


81 


15 


74 


119 


331 


46 


» 


86 


78 


88 


16 


82 


118 


363 


25 


24 


48 


86 


86 


18 


88 


112 


388 


S7 


» 


48 


«2 


88 


19 


88 


104 


408 


88 


26 


Bl 


97 


42 


20 


88 


96 


434 


24 


27 


101 


108 


47 


28 


106 


91 


470 


28 


28 


U6 


110 


58 


22 


118 


86 


505 


16 


» 


128 


130 


88 


28 


184 


81 


645 


4 


80 


I3y 


I3i 


64 


2^ 


155 


74 


588 


12 


81 


160 


144 


68 


25 


180 


52 


619 


4 



•Ty» Obtain nombw of tl«i dlvfte iMMid feet In thfi ecflimn 



This table shows the yield of choice grados of birch advanoinjr rap- 
idly with tho pfrowth of the troo. Tlio choice grades are firsts and 
seconds red and tirsts and secoiuis. The amount of red birch in a tree 
under IS inches in diameter is too small to «'<uisider. An iS-inch tree 
contained 2 board feet of this high-pric eri lumber, a 19-iiich tree only 
4 feet of it, a ^0-inch tree 8 feet, but in a 21-inch tre^ the amount rose 
to 28 board feet, showing a gain of almost 20(> per cent over t he product 
of the previous diameter. The explanation for the exceptional increase 
i-i that the rules of the National Hardwood Lumber Association, under 
which the lumber was inspected, retjuire red birch 4 or 5 inches wide 
to show one face all red; over 6 inches, one face must be not less than 
75 per rent red. Red ])irch is heartwood, and it ha])pens that the 
heartwood is not wide enough to pass the severe iiirtpection in consid- 
erable quantities in trees under 21 inches in diamet^^r. The increa^ie 
of red i)irch goes on st-e4idily from the 21-inch to the highest diameters. 
The next >)est grade, firsts and second>, not graded by color, is con- 
tained in practically all sizes of merchantable trees. The iucrcae^e of 
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this grade goes on steadily, but is greatest between 18-inch and 23>inch 
trees, because the inspection rules, which favor wide boards, show 
their greatest effect here. Narrow boards from small trees grade 
lower than wide boards from large trees. 

When we compare the choice grades (firsts and seconds red^ and 
firsts and seconds) with the common ones (No. 1 common, shipping 
culls, and mill culls) we find that the ohmoe grades increase, on the 
whole, much more rapidlj rnth the growth of the tree than do the 
latter. In the case of firsts and seoonds red there was a rise between 
a 13-inch and a 31-ineh tree from 0 to 150 feet; and in the case of 
firsts and seconds from 8 to IM feet. Contrast this with No. 1 
common, which rises from 5 to €8 feet; with shipping culb, which 
rise from 6 to 25 feet; and with mill culls, which rise from 90 to 180 
feet, and the tendency of the better grades to outstrip the poor ones 
beoomes apparent The fact must not be overlooked, however, that 
a condderable amount of what would have made inferior grades went, 
in this instance, into railroad ties. 

The following price list for hardwoods was made up after inquiry 
among hardwood jobbing houses in New York and Boston: 



/VjV-ex of dijfernU grades of lumlter Jrum Irirt^h, maple, and beech trees. 



Gmde. 


Price per thousand board feet. 


Btreh* 




Beech. 




SS3 

14 

8 
6 








14 

8 
6 


fl4 

10 

m 

1 

c 



In mcHt instances the lowest price quoted was used. The valne of 
the lailrnnd tics whs assinncd to In; 4th'cnts for a 7 by inch tie S feet 
long-, etjuivalent to per thousand feet — a reasonably low ])rice. 

The fipTures given ntford a basis for cak^ulating" the value of vi'Mow 
birch trees. For ex}un[)le. takt* a birch "21 inches in duuneter. Turn- 
ing to tlie table of gra<ics we find that such a tree contains 23 feet of 
firsts and seconds red. worth, according to the price list, $38 ]icr 
thottsjuid; 54 feet of tirsls and seconds atlS^23; 28 feet of No. 1 cornni(»n 
at $14; \^ feet of shipping culls at >^s; 65 feet of mill culls at 114 
feet of railroad ties at 4^> cents per tie of 42 ffct — in ail, 297 feet, 
worth ^?..97, or >^!:;.:i7 per thouNMnd feet, at tho mill. 

It nuist not be supi>osed, however, that as a nmtter of fact the exact 
value of a tree of a given diameter <'an be calculated with absolute 
accuriR-y on the basis of the figures hcrcw iili presented. The pur- 
poHc of the pre.sent article is to give an indication of the rate at which 
the timlwjr value of a tree increatses with its diameter growth, in 
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coDseqneDoe of the higher quality of lumber which it will yields The 
Dumber of yellow birch trees tallied for the Tarioos diameters in the 
above table of iprodes laoged from 4 to 57, and, as has already been 
stated, the figures of yield of the several grades given in the table do 
not represent the actual product sawed out, but were obtained by con- 
structing curves to round off the inequalities shown by the actual 
individual averages in order to secure a nearer approximation to the 
general average. That the inequalities thus rounded off were in some 
cases considerable goes to prove that it would be unsafe to rely too 
closely on calculations from tiiis table of the exact yield to be expected. 

Further, the judgment of both the sawyer and the grader enters 
into the determination of the amount of lumber of each grade which 
a particular log will yield. Had the logs tallied been sawed at another 
mill, or even at the same mill at another time, the figures would have 
varied slightly. Under no circumstances is it possible to construct a 
table which will enable one to tell in^libly how much lumber of dif- 
ferent grades, a sii^le tree will saw out. It is* lumever, poesibler 
for an owner to calculate pretty closely from the above table what he 
may expect to saw from a considerable body of timber of known size. 
From tills again it is possible to construct a table of values like the 
following: 



Diameter 
breast' 


Graded 
Tolnaie. 


Value 
p«r tree. 


Value 
per 1,000 
bd.ft. 


Diameter 

breaflt- 
bl«h. 


Graded 
volgsM. 


Value 
pertiee. 


Value 

per 1,000 
bd. ft. 










' Inchti. 


lid. ft. 






IS 




IB. 66 


•9.82 


28 


363 


95.19 


tl4.S0 


14 




.89 


9.87 , 


•l\ 


888 


6.80 


14.96 


U 


m 


L2S 


•.76 j 


J6 


40S 


<wa9 


16.66 


16 


146 


I. fa 


10. 11 


26 


434 


7.16 


16.48 


17 


m 


L78 


10.92 


27 


470 


8.08 


17.09 


1» 


m 




11.46 


» 


COS 


&aD 


17.43 


1ft 


at? 


a.« 


n.m 


29 


616 


9.67 


17.56 


20 


2f»0 


3. Of; 


12. 21 


80 


SB8 


10.34 


17. W 


21 


5W7 


8.96 


18.40 


81 


619 


10.99 


17.75 


22 


m 


4,91 


latt 











8UGAK MAFLK AN1> UEECU COMI ARED WITH YKL.LOW HIRCn. 

Similar tables were constructed for sugar maple and for beech in 
the Adirondftcks, and for longleaf pine in Alabama and in LouisiaDa. 
The following extract from the hardwood tables gives a oompnri^on 
of the value of the lumber sawed from birch, maple, and beech of dif- 
ferent diameters. 
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Votu$per thoiuaad feel hoard mKumre of lumber from Adirondack hardwooda. 



Diameter 
bteost- 


birch. 


maple. 


1 

Boooh, 


Diameter 
breaat- 


Yellow 
birch. 


■9Ui^8M 

maple. 


Beech. 


















Inchrt. 








Jnche$. 








13 


19.32 


89.75 


8H.29 


88 


814.80 


812.77 


89.71 


M 


9.87 


8.88 


8.70 


M 


14.88 


12.88 


8.M 


iO 


y. to 


V. 












16 


10.41 


10.87 


8.08 


96 


16.46 


18.07 




17 


10.02 


10.71 


9.10 




17.08 


18.28 




18 


U.4fi 


11. U 


8.24 




17.48 


18. £8 




19 


11.80 


11.47 


9.83 


88 


17.56 






90 
21 
22 


12.24 
18.40 
18.88 


U.M 
12.80 
12.07 


9.46 
8.82 
8.81 


80 
81 


17.59 
17.78 















According to thin table lumber from a di-incfa birch tree is worth 
15.63 a thousand feet more than from a 13-inch tree; from a sugar 
maple, $3. 13; and from a beech, $1.39.« The difference is more marked 
in die case of birch largely because of the presence in the high diam- 
eters of the high-priced grade, firsts and seconds red. The table for 
birch gives values up to 81 inches. A lumberman in cutting all sizes 
of birch would get, according to these figures, |8.48 per thousand feet 
more from his 31-inch trees than from his 18-inch trees. 

The increase in value of the lumber with the growth of the tree was 
found to be much more rapid in the case of Adirondack birch and 
maple tlian in that of longleaf pine. The difference in value per thou- 
sand feet of the lumber from 14-inch and from d4-inch pine was $1.72, 
while the difference between the same diameters of birch was $5.68, 
and of maple 98.05. This is accounted for partly by the fact that 
the inspection of narrow boards is more severe with hardwoods than 
with pine, partly because the difference in value between poor and 
choice lumber is more marked in the case of birch and maple than in 
that of pine. The comparison is, however, not strictly a fair one, for 
the reason that in the experiments with longleaf pine very defective 
trees were rejected, while in the hardwood experiment the run of the 
forest at McKeever, N* Y., was taken. 

PBACnCAL VALUB OF THE RB6UI«TB. 

The practical uses to wliieh such tables might be put are apparent 
With due allowance for slight changes in the character of his timber, 
any Adirondack lumberman could use them as a basis for figuring out, 
with his own price list, the values of his hardwoods. If he knows 
what the expenses of stumpage, logging, and manufacture amount to^ 
he would be able to determine within close limits what trees he could 
cut at a profit and what trees he bad better leave in the woods. In 

o Beech over 23 iuches sbowe a faliiiig o& in quali^ doe to decay. 
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brief, he woald hftye at hand an ezoellent guide to assist hun in lam- 
bering and in fixing a value on his timberlands. 

Wherever sorveys have been made which show the number of trees 
of various diameters of each species on the average acre, the tables of 
value could be used with peculiar effectiveness. Such surveys have 
been made on a number of tracts in the Adirondachs by the Bureau 
of Forestry. In a working plan for a tract at McKeever, N. T., 
the lands were divided into six types, and the number of trees of each 
diameter for each species on the average acre was determined for each 
type. In a worldng plan made for a tract at St Begis, N. T., the 
number of trees of each diameter of each species on the average acre 
was determined for all types combined. On virgin hardwood land on 
the McKeever tract there were, on the avenge acre, of 17-inch trees, 
0.80 yellow birch, 0.70 sugar maple, and 1.84 beech; of 18-inch trees 
there were 0.86 birch, 0.68 maple, and 0.96 beech, and so on. If all 
expenses of stumpage, logging, and manufacture should be as low as 
$10.60 on 17-inch trees there would be a profit of 42 cents per thousand 
feet on birch and 21 cents per thousand feet on maple. And the larger 
the tree cut the higher the profit Should all birch and maple be cut 
down to and including 17-inch trees, there would be, with expenses 
at $10.50, a profit of ^1.82 peft acre, of which $9.82 would be from 
birch and $1.60 from maple. The average profit per thousand feet on 
all trees cut would be $4.15 from birch and $1.49 from maple. 

But the profits from small trees are so slight as to make it hardly 
worth while removing them; certainly inadvisable if a future timber 
crop Is to }je considered. Calculating again, we find that the profit^j 
from birch and maple, if cut down to and including 18 inches, would 
be $11.26; cutting to 19 inches, they would be $11.06; cutting to^ 
inches, they would he $10.72 per acre, etc. It will be noted that, 
while the smaller the cutting limit the higher the profit per acre (unless 
trees are taken so small as to cause an actual loss), the lower is the 
'profit per thousand feet on the timber removed; on the other hand, 
the higher the cutting limit the lower is the profit per aero, but the 
higher the profit per thousand feet on the timber removed. Cutting 
birch and maple trees 17 inches and over, the profit per thousand 
would be $5.04; trees 18 inches und over, fvO.Oi; trees 19 inches and 
over, $6.46; 20 inches and over, $6.91. '^Profit per acre "and** profit 
per thousand feet" work in opposite directions. 

Expenses vary according to distance of the timber from the means 
of transportation, conditions in the woods, topography, cost and 
quality of labor, etc. An expense of $10.50 for logging and manu- 
facture, including stumpage, is generally considered low for hardwood 
lumbering in the Adirondacks, and when the expense is more than 
$12.75 operations are, in many cnsos. scarcely practicable. The profits 
per acre and per thousand feet in lumbering birch and maple when 
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expenses arc $10.50, $10.75, ^U, $11.25, ^11.50, $11.76, $12, $12.25, 
$12.50, and $12.75 per thousand feet were calculato-d for the tracts 
mentioaed alx)ve, and the resuitij do not encourage indiscriininatc cut- 
ting of hardwood*^ in the Adirondacks; on the contraiy, they furnish 
the strongest po^-ihle argument against careless lumbering. Hard- 
wood haubenng io the Adirondacks is 80 expensive that as a rule it 
does not pay to cut any but the larger trees for lumber. It is highly 
to the advantage of the lumberman to kiiow just at what diameter 
limit his prohts are turned iiilo loaHes, and it is equally to the :i<l\ m- 
tage of the future productive cujmcity of the forest that he should know 
this. These figures prove that the lumbernnia who would make the 
highest prolits out of the Adirondack luadwoods must cut within 
certain diameter limits and leave, in most cases, a considerable stand of 
timber uncut. The argimient is Imsed not at all on ^^ li it is l>est for 
the forest, but cutirel}' on present expediency iur llic lumberman. 
It happens, however, that what is best for the limibermau turus out, 
in this case, to be excellent for the forest. Hardwood lumbering in 
the Adirondacks is not yet on a large scale, but with the growing 
scarcity of timber and the advancing prices of lumber there is little 
doubt that it soon will be. Every effort should be made to induce 
Adirondack lumbermen to regulate their cutting and to show them 
chat in taking small trees they are working directly agaiust their own 
interestB. 
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STEM ANALYSES. 



By John BsNTijsy^ Js. 



From the experience gained in instructing several classes in 
the subject of volume growth in individual trees, it is apparent 
that the metliod described in the text books in use in this country 
ts difficult of comprehension by the average student of forest 
mensuration. As a general rule, the problems of heioht arozvtk 
and diameter growth are handled by the majority of students 
quite readily, but they frequently have difficulty in mastering the 
subject of volume growth as exemplified in "stem analyses." In 
searching for the cause of this trouble, it appears that much of 
it arises from the form in which stem analyses are usually re- 
corded in this* country; and the object of this discussion is to 
recommend a more logical tabulation of the data usually included 
on a stem analysis blank. 

It will be remembered that the blanks provided for stem 
analysis by the Forest Service (Form 334, "Tree Measurements") 
include a page in which the measurements on each cross-section 
of the tree are recorded in columns numbered i, 2, 3, 4, 5, etc., 
(which represent decades), the values showing the "distance on 
average radius from heart to each tenth ring." If, as is gener- 
ally the case, there is not an even multiple of ten annual rings 
on the section, the measurement of the odd years is recorded 
under column i, (since the measurements begin with the inner- 
most period and proceed outward), and from that point on, the 
difference between the values in any two adjacent columns repre- 
sents a decade's growth. So far, so good ; but when the measure- 
ments for the second and subsequent cross-cuts arc recorded, the 
measurements in each case are tabulated beginning in colunm r 
again ; and since there is almost always at least ten years differ- 
ence in the total ages of successive cross-cuts, and sometimes 
tw enty, or more, the measurement for the last, or current decade, 
falls, not in the column for the corresponding decade on the pre- 
vious cross-cut, but in a column to the left. Glancing down the 
numbered coltmms, then, we find a series of measurements each 
one of which represent^ a different decade in the tree's life- 

•Reprlnted from FomtSTnv QrAHTEW-'v, Volume XII, No. 2. 
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history. An cxiimple of this nieihud ui tabulation is shown in 
Professor Graves' well known book on "Forest Mensuration/* 
page 2f)4, where the age of the tree at cross-section number I 
(stump ) was (lo years, and the last measured radius was conse- 
quently recorded in column 6. The age of the second cross-cut 
was 50 years, and the last measured radius was recorded in col- 
umn 5, etc. When the volumes of the several sections are 
computed for different decades there is a very large chance that 
the wrong pairs of values for cross-sectional dimensions will be 
selected, because, instead of being arranged one under the other 
in the same column, tlie dimensions of the cross-cuts belonging 
to any particular age of the tree are f uni l in different columns, 
and they must be selected by counting back7i'ard from the last 
recorded measurement. This is one point at which the average 
student has difficulty, and one which can be obviated entirely by 
the use of a more logical method of tabulating the measurements. 

A second point at which there is usually some difi^ulty is in the 
doubling of the measurements given for radii, so as to obtain the 
corresponding diameters. The form already referred to reads: 
"Distance on average radius from heart to each loth ring — 
inches" and the student not infrequently forgets to double the 
value recorded for the radius, in order to obtain the diameter. 
While this may seem like a trivial point, it is, nevertheless, one 
which often leads to slight errors in doublings or neglecting to 
double at all; and when the use of a scale reading 2 : i would 
obviate the necessity of recording radii, and permit the recording 
of diameters directly, it seems wise to take simple precautions 
and elhninate the chances of errors, by recording diameters in- 
stead of radii. Stem analysis rules as now made by instrument- 
makers, usually make readings of this kind easy by supplying two 
scales,— one graduated to inches and tenths, for measuring di- 
ameters, and the other for measuring radii graduated to half- 
inches and twentieths, but reading as doubled inches and tenths, 
so that radii may be read directly as* diameters. The stem analysis 
blank would therefore read, preferably, over the columns pro- 
vided for the measurements: "Average diameter of section, by 
decades," instead of "Distance on average radius from heart to 
each loth ring." 

A third point, — and one which is a source of frequent errors 
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in compuung the volume of the tree at difterent periods — is the 
somewhat laborious and involved method of determining the 
dimensions of the lops (above the last cross-cut), in preceding 
decades. These tops are generally regarded as conc^ ( see 
Graves' "Mensuration," page 292 ), and their volumes computed 
as such. The difiiculty arises in obtaining the heights of the sev- 
eral cones as they appeared further and further withiti the top, 
or down the stem, with each preceding decade. The method de- 
scribed by Professor (jravcs. namely, to take a distance propor- 
tional to the numlx-r of years reciuircd to ^row the distance be- 
tween the two sections in question, thus assuming a regular rate 
of growth for the jicriod, is quite accurate, but it is likely to 
confuse the student, and has been the cause of more errors in com- 
putation than any other one factor, according to my observation.* 

In German text books the method described for obtaining the 
volumes of the tree in preceding decades frequently disregards 
these small cones, or tips, because the sections into which the tree 
is divided for analysis are short, — rarely more than 2 meters. 
'l*he volumes are therefore relatively insignificant. In this coun- 
tr)% however, where we have to compute stem analyses from 
trees where a top of 15, 20, or even 30 feet is left, it becomes 
necessary to include these tops, and their dimensions at different 
periods, otherwise the calculated volumes would be inaccurate to 
such a degree that the\- would be of no scientific value. Some 
way must be devised, therefore, which will yield accurate results, 
and at the same time will be readily understood and applied by 
the student. 

In the hope of simplifying the work of making and recording 
stem analyses, and eliminating some of the obvious causes for 
mistakes in the calculations, the following suggestions are made. 
Nothing new or original is claimed for these suggestions ; on the 
contrary, they have all been prompted by a perusal of the stand- 
ard German text bodes. They are presented here simply for the 
purpose of showii^ how the work may be made more logical, and 

* It has even led to an error in the very example chosen to illustrate the 
method (page 291 in "Forest Mensuration"), where, in the computations 
for the tree as it \\:is years old. the length ;iscTil)C(l to die lip is 4-73 
leet. Since the tip at that age comprised 10/16 of the length of the section 
(lo feet) it should evidently be 6.25 feet, and not 4.75 feet, a« printed. 
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at the same time more comprehensible to the mind of the average 
student of forest mensuration. 

First, as to the methods of tabulating the measurements taken 
in the field. Figure i (page 162) shows a revised form filled in 
with data from a White Pine, in which the usual measurements 
are recorded, together with a few additional ones which will ren- 
der the computations in the office less liable to error. For con- 
venience, the spaces in which the measurements are recorded are 
both named and lettered, to correspond with the following list; 
and in the discussion which follows the several columns will be 
referred to by letter. 

« 

(a) The number of the section; the stump being considered 

No« I, the top of the first log section No. 2, etc. 

(b) The s^e of the section, i. e., the age up to that section, 

and the ntmiber of annual rings on that section. 

(c) The length of the section, expressed in feet and tenths. 

(d) The diameter, outside bark, of each section, in inches and 

tenths. 

(e) The diameter, inside bark, of each section, in inches and 

tenths. 

(f) The width of the bark at each section. 

(g) The width of the sapwood at each section. 

(h) The average diameter of the several sections, by decades, 

as explained in the following paragraphs. 

(j) The diameter, breast-high. 

(k) The total age, obtained as explained in the following para- 
graphs. 
(1) Clear length, 
(m) Used length, 
(n) Aferchantable length. 
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(h) Average Diameter of Sections, by Decades. 




; 




O 
OV 






»*?Q h*^** Oils in 




w 


o ■^•-'00 tN.i#»eo»-' 

^ » M M 


■ — 






_ 




M M M 






O O 00 11 o* 






« • • ■ 






oooqo 




«« 


to 


1 • 




fl 

M 





" 


to mo>o >0 to to n 




(1) i-ioqjoiup}/^ 


•-•bddodooo 




(») '^ ra 


»'»*9«*>00 O "TO O 

••••••••• 




(p) '0 a 


io o -t \ooo 00 CI «r 




(3) v/^»w7 




8i.o 


(q) 


1 f* PO »0 Ml>o 00 




(«) UMt99Sf0*eif 


•* « <0 ^ \f%\0 tsoo O^'"^ 

t 





EC 



fig's 



Digitized by Google 



6 



Stem Analyses. 



It must be remembered that the object of stem analyses is 
tf> secure fignres of volume growth for n pvcn species which will 
enable us, after compiling a large number of values and averag- 
ing them tnL^ctlicr, tn construct a table showini^ the average in- 
crease m volume by tiecades. That is, it is desired to know what 
the volume of White F^ine, or any other species, will 
be, under average condii:nns, at an age of lO years, and 
again at 20 years, 30 years, 40 years, etc. Since the age at 
the stump (cross-section l) is always slightly less than the true 
age of the tree, (from 2 to 10 years, often, depending on the 
stump-height, and the rate of growth of the seedling of the 
species), and a lumiber of years, — usually detennmeci by a stndv 
of seedlings — has to be added arhurarily to secure the total age 
of the tree, it is suggested that these years be added before the 
stem analysis is recorded, instead of aftenvurd, thereby making 
it possible to secure results which can ultimately be averaged to- 
gether with a smaller degree of error. For example, it is known 
that White Pine seedlings attain an average height of one foot 
at an age of 5 years; a height of 2\ feet at an age of 6 years, 
etc. (*) ; if the stump of the White Pine beti^ analysed is one 
foot high, it is then determined that 5 years must be added to the 
age of the stump to secure the total age of the tree, which is 
entered on the blank form at ("k"), the space provided for it. 

Now, as each section is analysed, the rings are counted back- 
ward from the bark to the center, beginning at the outside and^ 
designating the outermost ring with its proper number, vig., ifue 
total age of the tree, and not the number of rings which happen 
to be found on that section. Thus, if the total number of rings 
at the stump is 80, and 5 years are to be added for a stump one 
foot high, then the outermost ring on the stump will be counted 
"85" and the next one inside "84", etc., counting backward, and 
placing a mark at the even decades. 80, 70, 60, 50, etc. In like 
manner, the outermost ring on all subsequent sections will be 
called "85," and the counting proceed backward, until the center 
is reached, marking each decade as before.t 

♦Values arc taken from U. S. Forest Bulletin 22, '•The White Pine," by 

V. M. Spalding and H E Fcrnow, page 28. 

flf it is preferred by some to count from the center outward, the nuni' 
ber of rings on the section can be subtracted from the total age, and the 
ctvjnting begun at Uie atje obtained. For example, on section 5 tlurc are 
38 annual rings ; this subtracted from 85 = 47, and the counting may begin 
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In the column marked "Age" (Column "b") the age should be 
entered as composed of two values, the tirst expressing the num^ 
ber of years required to grow to the height of that particular 
section, and the second, the number of annual rings on that section. 

This method of entering the age enables the reader of the 
form to determine the rate of height-growth very quickly, by 
simply glancing at columns lettered "b" and "c" respectively. 

The form, it will be noticed, is practically the same as that 
formerly in use. The method of entering the values under **h," 
however, is quite diflFerent from that generally described in text- 
books, in this respect, — ^the measurements for all the sections at 
a corresponding age of the tree fall in the same column. That 
is, if the tree is 85 years old, showing 80 rings at the stump, the 
last measured diameter,* representing the size of that section in 
19 14, will fall in column 9, and the size at 80 years of age, in 
column 8. This is entirely logical, for the measurements of 
each decade's growth fall in the column bearing the correspond- 
ing number. The measurement of the odd years, representing^ 
an incomplete decade, fall in the last column, instead of in the first 
column, as was the case in the method formerly used. If the 
number of annual rings at the top of the first log (Section No. 
2) is 70, the age at that section will be expressed as "i 54-70," in 
column "b." and the last measured diameter will be placed, not 
in r- ilnnm 7, but in column 9. directly under the corresponding 
measurement for section i. Similarly, tlie measurements for the 
last 'Jcction, although it shows only 15 annual rings, will be en- 
tered so thit the diameter of the ^tem at that point in the year 
1914 will fall in column <). To tind the volume of the tree in 
the year n;i4, the dimensions of the several sections are read 
directly from colunui (^ where they appear one under the other 
in their logical order. There is now no chance of selecting the 
wrong pair.s of values in computing the volumes of the several 
sections, and no chance for errors in doubling the radii, for di- 
ameters have been recorded directly. It wcnild appear that one of 
the great stumbling-blocks to students in computing volumes from 

at the pith (center), counting "48.*" "4Q." "'SO," etc., and ;i mark plactcl on 
the ev«n decades, 50, 60. etc. This accomplishes precisely the samc^ result, 
and obinates the necessity of cottntingf backward, which may be objection- 
aUe to some. 

^Diameters are recorded instead of radii. 
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stem analyses could thus be removed by tabulating the data in 
the manner described. The advantages of recording the data and 
measurements in thb form are obvious, and at the same time the 
whole arrangement is much more logical, since the measurements 
for any particular decade all fall in the same column. 

The second point, — namely, the recording of diameters directly 
instead of radii, which will necessarily be doubted later, has al- 
ready been sufficiently explained, and the advantages are self- 
evident. 

For the determination of the dimensions of the several "tips" 
or "tops" or "cones," which appear as we trace the history of 
the tree from decade to decade, (whicli was the third source of 
trouble mentioned), it is recommended that the graphic method 
be employed. It is a simple matter to plot the height on age by 
taking the values given in columns "b" and "c"; and once a 
curve has been drawn connecting the several points plotted, the 
height of the tree at an age of lO years, 20 years, 30 years, etc., 
etc., can be read directly from the curve. For example, the data 
in columns "b" and "c" give the curve shown in Figure 2, (page 
— ), and from this curve it is easily learned that the height of the 
tree at the age of 50 years was 60 feet. The top of the tree, 
then, at the age of $0 years, fell between sections 5 and 6; and 
the length of the cone which had a base of 0.9 inches diameter 
(column 5, under "h," and opposite section 5) at that period. i<; 
obtained by subtracting the height of section 5 from the total 
height of the tree at that age, — that is, 60-57.8 feet, or 2.2 feet 
In like manner, the heights of the other small tips, or cones, can 
be just as readily found for any and all other decades. 

As a test of the accuracy of this method when compared with 
the old method, the calculations were carried out tor the volume 
of the tree at every decade, by both methods, and the re?ti1ts 
are shown graphically in figure 3. It will be observed that th*- 
plotted values fall at different ages, — those by the new method 
falling at the ages of 10, 20, 30, 40, 50, 60, 70. 80 and 85 years, 
while by the old method they occur at the ages of 5. 15. 25. 35, 
45, 55, 65. 75 and 85 ycar<. W hen tlie two curves are drawn, 
they are fonnd to coincide throughout their whole course. This 
proves the accuracy of the new method, and its adaptability to any 
age tree. 
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While the introduction of any departure from a method which 
has long been in general use is almost always r^rded with more 
or less skepticism, it should be remembered that any innovations 
tending to simplify the work of the student, especially if they are 
very obviously more logical, should be acceptable. It is hoped 
that this method of recording a stem analysis, and the method 
used for obtaining the dimensions of the tree at different de- 
cades, will lead to a clearer understanding of the principles of 
volume growrth in individual trees. 
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The English speaking peoples the world over have earned an 
unenviable distinction for non-progressiveness in matters con- 
cerning weights and measures. This reputation is> I think, 
somewhat more than sustained so far as concerns the measure- 
ment of saw logs and other round timbers. 

The prevailing unit of measurement for saw logs throughout 
the various States and Provinces of North America is, of course, 
the foot board measure. But the foot board measure as applied 
to unsawn timber is essentially a unit of produd^ not a unit of 
voiume, and herein lies the secret of the great multiplicity of 
"log ruies " and the great-^ne might indeed say amazing— di- 
versity in their scaling scores. 

Millmen, engineers, mathematicians, and perhaps others have 
from time to time endeavored to compute 1o^ rules which would 
forecast with accuracy the lumber product (as inch boards) 
which could tie sawn from logs of various dimensions. Their 
efforts have resulted in the production of some forty odd log 
rules all giving essentially, and in many cases radically, different 
scaling scores. 

Notwithstanding the great variety provided, there is, sad to 
relate, no satisfactory log rule before the public, aud it remains 
for the forester who should comliine the requisite knowledge of 
logs, mills, aud mathematics, to compute a rule that shall be 
equally fair to buyer and seller with logs of all dimensions. 
This paper hai> to do with an attempt aloug this liue, aud the 
rule which has been computed aud is here discussed is submitted 
to the public with some confidence as being in advance of any 
previotis effort. It is hoped that if any flaws in the reasoning be 
detected, some other forester will take up the task of making 
another forward step. 

Before proceeding to discuss the principles on which the pro- 
posed International I^g Rule is based, I shall pause to remark 
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for the benefit of those outride t!ie profcssTon, that if the forester 
had his own way. he would discard tiio j»r<>duct unit in all log 
measurements, substituting a volume unit with a classificatipn 
of the logs measured into three or four diameter classes. ' 
purchaser could then saw his logs into boards or deals with tlick. 
or thin saws, unroll them as veneer, pulp them, or burn toemr, 
and in all cases be equally without gronnd for complaint/ as ft 
the measuiement. For the present, however, we bow to usage 
and content ourselves with evolution where we would gladly see 
revolution. 

The Natural Taper tf Legs, Prom the sides of logs there 
may be sawn square-edged boards of merchantable dimensions 
which do not reach to the small end at all and are consequently 
disregarded by the ordinary log rule which makes no allowance 
for the natural taper of the log in its scaling score. Naturally, 
the longer the log the greater the advantage to the buyer from 
this defect. It is, of course, ridiculous to assume that because 
the log on the saw carriage measures 19 feet in length, the 
^wyer cutting it will cut only such boards of even width as will 
be free from wane the full log length. That no modem milling 
business is conducted on such wasteful lines goes, of course, 
without saying. 

Heretofore it has been cti-tomary on the part of log rule 
makers to compnte the scile tor the loji^s of various diameters for 
a STfi^/t' /oi^ /e»i^^/i, tiudiui; the scale for lojrs of other len;i^thi> by 
simple proportion as with true cylinders. This method of rule 
maklug discriminates in favor of the seller in the case of all logs 
of less length than the computed length ( usually 12 feet ) and in 
favor of the buyer in the case of the longer lengths. In oiaer 
words, if the scale for the computed length l>e correct, all shorter 
logs will be over-scaled and all longer logs under-scaled. The 
longer the log and the smaller the diameter, the larger will be 
the percental error. The absurdity of this method of getting the 
scaling score for the different log lengths may easily be demon- 
strated practically by cutting long logs into sections and com- 
paring the scale given for the entire log with the sum of the 
scales given by the same rule for the parts after being cut into 
shorter lengths. For example, 4-inch logs, 19 feet long, scale 
by the Champlain Rule nine feet board measure. Cut such logs 
into two sections of 8 and 1 1 feet, respectively, and the parts 
wilt be found to give an average scale of four and ten feet board 
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measure, respectively, or an average total of fourteen feet for the 
logs after sectioning. Or, to take a more extreme case : 6-inch 
logs, 40 feet long, scale by Doyle 10 feet board measure. Cut 
to 8-foot sections and again scaled by Doyle the parts will be 
found to give an average scale of 55 feet board measure per log, 
or an increase of some 400%. These results were demonstrated 
by measurements of the taper shown by over four thousand pine 
and spruce logs. 

As IS well known, trees of the same species, age, and stand 
differ greatly in the amount of taper shown. Individual logs 
from the same tree differ widely also. Here as elsewhere in for- 
est measurements, the forester falls back on the great law of 
averages. The avera^^e taper in aay given locality for any par* 
ticular species may be easih cletermined with sufficient accuracy 
for practical purposes by the measurement of a few hundred logs. 
If greater accuracy be required for scientific purposes, a few 
thousand will be ample. Measurements of the airerage taper 
shown by logs representing the commercial trees of Northeastern 
America have revealed the welcome facts : ( i ) That the avermge 
i9per does not differ greatly in different localities or with different 
species ; (2) That it is less in good straight clean sawing timber 
and greater where the logs are rougher, the larger taper in the 
latter case compensating largely for the increased waste in edging 
the Itunber from the inferior logs ; and (3) That it never falls 
bdow one inch in eight feet when the logs are taken as they 
come in modem logging operations. Below are summarized the 
results of a few such studies : 

No. of Logs SpeeUt. Diem^ of Logs Taper imiim. 

meosmffd, tmeosmrttt. per 8 ft. Uiteal. 

io}o...^...^Whltepine..,.^. 6 to 3^ . , i.aa 

3000 ..u— Spniff 7 to 18 ... T 30 

300 , Balsam Fir..-.^.. 6 to r4 ^ 1.26 

Chestnut ' 111025 142 

. Loblolly Pine* lo to 20..^ ,96 to 1.20 

" over ao t.To -f- 

A mixed lot ot Adirondack hardwutjds gave an average taj)cr 
of 1. 1 7 inches. On page 87 of Bulletin No. 22, iiureau of l^or- 

* Che>tnut in Southern Maryland, R. Zoo. Bnlletin Mo. S3> Bureau of 

Forestry, p. 2X. 

* Loblolly Pine i:i S^tem Texas, Gt. Zou. Butletm ^o. 64, Bureau of 
Forestry, p. ai. 
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ta^, is noOTded a series of measoieiiieots on 165 white pine 

trees cutting 894 16-foot logs. These measurements give a taper 
of 1.62 inches per 8 feet, bark inclusive, for the merchantable 
portion of the trees above breast height This would indicate a 
taper exclusive of bark of ftilly i 40 inches This is a verj' high 
average for white pine and is doubtless due to tlie large size of 
the trees, the average diameter hemg 25 inches breasthigh. It 
is a geueral rule that the taper shown increases with the diameter 
after trees have passed the pole stage. This is especially marked 
in the case of dominant trees. 

The Baxter rule ^"ives an allowance for taper in its scaling: 
score in the case of logs 18 feet long and over, the New Bruus- 
wick rule for logs 27 feet long and over, and the British Columbia 
rule for logs 50 feet long and over. The International rule al- 
lows for an average taper of one inch per eight feet in the caae 
of all logs regardless of length. This is safely conservative for 
all diameters and all species. 

AUnuance for Shrmkage in SeasmUi^, A point that hss been 
overlooked by some rule makers is that the scale given should 
refer to the amount of teawned inch lumber which can be sawn 
from the logs scaled. Inasmuch as logs are ordinarily scaled 
green, it becomes necessary to allow for the shrinkage of the 
boards in thickness and in width which accompanies the season- 
ing. The margins of safety adopted by different mills vary con- 
siderably, but usually run from }i to ^-inch in the width of the 
boards and from a scant ^ to ^inch in the thickness. 

In computing the International Rule a sixteenth of an inch 
was uniformly allowed for shrinkage in thickness and all fractions 
met in measuring the widths of the boards were disregarded 
which is equivalent to a shrinkage allowance in width of nearly 
half an inch. 

The waste incident to sawing any log into Uiml>er is of two 
distinct kinds : ( \ ) the saw kerf and (2 ) that losi in S'lnnri -edging 
ike boards. The deduction for saw kerf must in all cases V)e a 
proportion of the area of the cross-section of the log, and hence in- 
creases as lo<^;^ increase in size in direct proportion to the square 
of the dtatiif The deduction for square-edging the boards is, 
on the otliei hand, ni proportion to the bark surface of the log. 
But the bark surface of logs increases as the logs increase in size 
in direct proportion to the increase of diameter (not squared). 
To illustrate : a 12-inch log has X of the bark surface of a 48* 
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inch log, and will, if tliey be sitnilar ia form, have )^the waste 
in sqnare-edgiiig the lumber. But the area of the small end of 
the 48-in<£h log is 16 times as large as that of the 1 3-inch log, and 
if both be cat into inch boards by the same saw, there will be 16 
times as much loss due to saw kerf in the larger log. To repeat 
in other words, the 48-inch log has four times as much waste m 
square-edging the boards as the 12-inch lo^, the increase being 
in direct proportion to the increase in diameter. The 48-inch log 
has sixteen times as much waste from saw kerf as the 12-iQch log, 
the increase being in proportion to the increase in the squares of 
their diameters. If a rule is to be equally fair to large and small 
logs, it is evident thit the deductiotis to be made for waste due 
to saw kerf and to s<iuare-edging the lumber, re.sj)ectively, must be 
kept absolutely separate and distinct in the computation of the 
rule. In any rule where, as in the Doyle, but a single uniform 
deduction is made, the rule can give correct values for anv given 
width of saw ki rf at one point only, above and l)elow which the 
logs mu!5t be over and uuder-scaled, respectively, or vice-versa as 
the case may be. 

The first log rule maker to recognize this fundamental principle 
in the computation of a rule must have been a Mr. Baxter, for 
the Baxter rule is the oldest of the four rules so computed. The 
allowance for edging given by the Baxter rule is .5 inch beneath 
the bark. The British Columbia rule followed with an edging 
allowance of .75 inch beneath the bark. The only other log 
rules similarly computed are the recently produced Universal 
and Champlain rules in which the edging allowance is made 
proportional to the top end diameter (or circumference). 

Alhwanee for Saw Kerf. The relation between the different 
amounts of lumber which may be sawn from logs by saws cutting 
different widths of kerf is a /mvxiSs/one. That is,if the product 
that can be sawn out by a saw cutting any particular width of 
kerf be known, the product that can be sawn out by saws cutting 
narrower or wider kerfs may be got by simply adding or sub- 
tracting the necessary percentage to or from the known scale. 
This implies that the sura of a, b, and c as follows is practically 
the same regardless of the diameters of the logs manufactured or 
the width of the saw kerf cut by saws used in their manufacture. 

«= Waste due to square-edgiiiy^ the boards. 

^= Allowance for shrinkage in w uith of boards. 

Proportion of saw kerf waste which goes with a and b. 
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With narrow saw kerfs a and b increase with the increase in 
the amount of lumber produced, but c decreases sufficiently to 
compensate for the increased loss from a and 6. I«ikewise with 
wider kerfs a and b decrease with the decreased production of 
1uml)er but their decrease is offset by the increase in c. 

Perhaps a concrete case will illuminate this somewhat. Sup- 
pose ^ certain log contains 125 cubic units ; that 25 units be lost 
in kerf ; that 20 unit.s be necessarilv allowed for edging waste, 
and shrinkage {a and b above); and that the remaining 80 units 
be lumber. The lumber is to edging [a and b) as 80 is to 20, 
therefore of the 25 kerf units 20 go with the lumber and 5 
with the edgiug (r). in other words, the total allowance (a-f-^+ 
f ) = 25 units. With different widths of kerf «, and c neces- 
^rily vary individnall v, but their total remains practically 
constant for the same log regardless of the thickness of the saw 
used in its manufacture. 

This interesting and most important fact solves one of the 
difficulties in the way of producing a universal log rule in that 
it makes it possible to adapt a correctly computed rule to saws 
cutting different widths of kerf. 

The standard scaling score of the International Rule is com- 
puted for a >^-inch kerf and may be adapted to saws cutting the 
various standard widths of kerf as follows : 



Most modern band saws cut a >i-inch kerf. Some i6<gauge 

band saws cut as low as j^4-inch kerf. Gang saws ordinarily cut 

from \^ to Y\-inch kerf. Rotary saws of the dimensions now 
commonly in u.se cut a kerf of al)out '.(-inch. Large rotary 
saws cut kerfs varying from f^-inch to ^a-inch. The old-time 
** ^ and ji. " inch kert is now hap])ily practically obsolete. 

AUmvancc for Edo^ini!: It has already been noted that with 
logs of varying dimensions but Minilar form the anumnt of wood 
necessarily wasted in .square-edging tlie lumlx;r is in direct pro- 
portion to the bark surfaces of the different sized logs. The 



For A inch kerf add 1.3^ — 



100,000 feet as scaled by the 

rule will cut out : 
101,300 ft. B. M. 




% " " 9.5% 



Digitized by Google 



Tke Meusuremeni of Saw Lags 



85 



allowance to be made for neglecting the fractions of inches in 
tneasuring the widths of the boards sawn from logs is likewise in 
proportion to the bark surface and mnv most conveniently be 
grouped with the edging waste in com]>nt;Umns. 

Edging waste is due ^' i ) to the circular form of logs, (2) to 
the minor crook (irregularity of surface), and (3) to major crook 
or "sweep" in logs. In the case of i>erfectly straight smooth 
logs the allowance for edging need provide for waste in trim- 
mi the wane from sawn boards only. Few logs, however, are 
tuher perfectly straight or free from superficial irrc^ulai ilies. 
It is therefore necessary that in the computation of any practical 
log rule due provision be made for these normally occurring 
defects in the form of the average log. 

The allowance for edging the lumber from logs of varioos diam- 
eters and degrees of cn>ok was first determined theoretically by 
mathematical computation aided by draughting. The amount to 
be added to this theoretical allowance to provide for the additional 
loss due to human and mechanical imperfections was next deter* 
mined by sawing out very carefully measured (white pine) logs 
having all degrees of crook. I shall not here go into the details 
of this interesting study but content myself with a statement 
of my results. 

1. The discovery that the edging waste remains practically con- 
stant regardless of the width of kerf cut by the saw has been al- 
ready noted and fully explained. 

2. It was found that the waste due to crook (major and minor) 
of all degrees was in direct proportion to the circumference of the 
logs sawn ; i. e. the waste due to any particular degree of crook 
in a 2o-inch log was practically double that caus^ by a similar 
amount of crook in a lo-incli log. 

3. When provision is made in the scaling score for an average 
taper of i inch per 8 feet lineal, and wlien the logs show an aver- 
age major crook of i}4 inches per 12 feet, the necessary allow- 
ance for edging Wiuste as alx)ve defined was found to Ix.- .8 foot 
board measure per square foot 0/ bark surface i^x white pine logs of 
all (liiiicnsions. 

The effect of increasing major crook on the product of sawn 
lumber was also studied. The results of such a study depend di- 
rectly on the size of the smallest board which is regarded as mer- 
chantable by the investigator, for with increasing crook there is 
a greatly increased out-put of short lengths sawn from the heavy 
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slabs. The rules of the National Hardwood Lumber Assodatton, 
the Louisiana Cypress A^Bodation and other similar bodies, have 
set the minimum dimensions of boards entitled to pass inspection 
and measurement in the case of most species at 3 inches in width 
by 4 feet in length. Using a minimum unit of just double this 
size I found that as logs were cut for ordinary commercial pur- 
poses in the mill in which I made my tests, an increase in the 
average major crook of one inch {)er twelve feet increased the al- 
lowance required for edging . i foot board measure per square foot 
of bark surface. With a minimum unit of 3 inches in width by 
12 feet in length the additional waste in edging for the same 
increase in average crook was just three- fold or .3 foot board 
measure per square foot of bark surface. 

As already noted, there have been four log rules — Baxter, British 
Columbia, Universal, and Champlain — which have had the allow- 
auce for edging provided for iu a rational way. In computing 
the International Rule the allowance for edgiug was in all cases 
niatle proportional to the circumference at the middle of the logs 
and hence is strictly proportional to the bark surfaces. This dif- 
fers somewhat from the method adopted in the computation of 
the Universal aud Champlaio rules, where the allowance is pro- 
portional to the top end circumference, and somewhat more from 
that used in the computation of the Baxter and British Columbia 
rules, where the allowance is a certain depth beneath the bark. 
Both these latter methods — and more particularly the last — give 
a relatively higher scale for the smaller logs. 

Re CompuiatwH and Formula, The simplest mathematical for* 
mula for the International yi Rule is (D*x.33) — .71D for 4-foot 
sections. Taper )^-inch per four feet lineal. The scaling score 
has been computed for logs from 3 to 60 inches in diameter and 
from 8 to 20 feet in length, longer logs to be measured as two or 
more logs. After computation the scale for the individual logs 
wa^ the suggestion of Mr. Price of the Forest Service, rounded 
off to the nearest 5 or o. The saving thus affected in the clerical 
labor of computing tallies is from yi to yi, while the liability to 
error in multiplying and adding is reduced to a minimum. Any 
error due to the rounding off is of course absolutely negligible 
where more than a dozen logs are measured. 

TAe Adapting of Lo^ Rules to Universal Conditions. The pro- 
duct in merchantal>le lumber which may V)e .sawn from a .sound 
log of given length aud top diameter depends on the skill of the 
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^sawyer, the quality of the mill equipment, the width of the saw 
kerf, the straightneas of the log. and the amount of taper present. 
No log rule could or should concern itself with the varying skill 
•of sawyers or the quality of mill equipments. It is, however, 
quite necessary that a log rule intended for general use be adapt- 
able to the different widths of kerf cut by saws of various thick- 
nesses and perhaps to the varying qualities of logs in different 
districts as regards straightness and taper. 

Variations due to varying widths of saw kerf have been shown 
to bear a percental relation to the scale of logs of the various 
dimensions, and a table has been given above by means of which 
any total scale as given by the International % Rule (/. e., rule 
for saws cutting a )^-inch kerf ), may be adapted to saws cutting 
other widths of kerf. It remains to be shown how a standard 
scaling score which has been computed with special reference to 
white pine as it is logged and sawn to-day may be adapted so as 
to be equally satisfactory for the scaling of logs of radically dif- 
ferent taper and sawing qualities. 

That the Lcl^^Mig waste, whether great or small, is in propor- 
tion to the l)ai k surfaces of logs of all diameters has been stated. 
It is equally true that any increase or decrease m the amount of 
merchantable lumber that may be sawn from logs because of 
increased or decreased average taper is also directly proportional 
to the bark surfaces of the logs concerned. The reason for this 
will be evident if the portion of the log represented by the taper 
be thought of as forming a ring about the cylindrical portion 
and thus being practically proportional to the circumference. 
These two conditions being granted it follows that any variation 
in the sawn product of sound logs due to roughness of surface, 
crook, or taper, must bear a percental relaHon to ike bark surface 
ef ike legs sawn. 

Fortunately a discount or a premium directly proportional to 
the bark surface of the logs measured may be very simply added 
to or deducted from the scale jpven by a rule by using a scaling 
stick which shall measure the diameters of all logs scaled scant 
or full as may be desired. Thus, should the necessary edging 
waste be unusually large — due to excessive average crook or 
rotighness — the scale may be correctly discounted by using a 
scalinp: stick on which the o point is placed somewhat more than 
1 inch from ihc i inch graduation on the stick. Likewise should 
the logs cut in auy locality prove to saw out a larger amount of 
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lumber than called for by the rtUe, the scale given by the rule 
may be correctly bpnused by using a scaling stick on which the 
o point of the measure is somewhat less than i inch from the 
i-inch point on the stick. The amount of adjustment necessary 
to meet any given set of local conditions can only be determined 
bv a careful investigation by a competent person of the sawing 
qualities of logs cut in the locality. It is fortunate that 
inctca.setl roughness in logs is all but invariably accompanied by 
increased tai)er and that while the former tends to decrease the 
luml>er product from logs, the latter has the opposite effect. In 
most cases the one will be found to offset the other more or less 
completely, and hereui hts an advantage of a top-end inca.suriug 
rule computed for a couservatix e taper allowance as compared 
with a caliper rule which being applied at the middle of the log 
credits the full amount of taper. 

AfSl Tesis wiik the IntemaHmal Rule, In nuking mill tests 
with the International Rule it must never be overlooked that the 
standard scaling score (published herewith) is computed for a 
kerf allowance of >i-inch and a factor of safety in the thickness 
of the boards of iV^i^^ uneven sawing and shrinkage) or a 
total allowance of iViuch. The first step in making a test is to 
determine accurately the corresponding margin for kerf and 
shrinkage being made by the mill in which the logs are to be 
sawn. This can be most conveniently and accurately done by 
observing the loss in width of square timbers (/. e, logs after 
slabbing all four sides) from ctitting any particular number of 
inch boards from their sides. The larger the number of boards 
sawn iti this test the better will be the average figure for the 
total allowance. For example, let it be assumed that the cut* 
ting of 40 '*inch" boards cost the square timbers imder meas> 
urement a total of 52.5 inches, thus giving an average of y\-inch 
total allowance, which corresponds with a j4-inch kerf -f ^y-inch 
for shrinkage. The 40 boards cut under the standard condi- 
tions (i.e. '4i-inch kerf + iV'^^^b shrinkage) would cost the 
tinilxrs but 47.5 inches. Therefore the total scale given by the 
rule for the logs tested niu.st be reducetl for that particular mill 
in the proportion of 52.5 to 47.5, or in other words 9.5 per cent. 

The next step in the test is to measure the logs sawn t ogether 
witii their product in .square-edged lumber aftci maiuifacture. 
In my work I have measured the log diameters, top and butt, 
twice at right angles correct to tenths of inches, the mean being 
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taken. The crook in the tvelve feet towards the small end of 
the log was alsq measured by applying a straight-edge to the 
side showing the greatest cnrvature. Unless it is desired to dis- 
cover the €ttiiS€ of any variation from the role scale the measure- 
ment of the crook and the butt diameter may of course be 
omitted. 

Further procedure can perhaps be more easily made clear by 
assuming a concrete case. For this purpose let the task be to 
determine the correction to be made — ^if any — iu adapting the 
rule for specially accurate work with, say, Adirondack spruce. 
Let the assumed conditions be as follows : 



Lopfs sawn (16 feet long), — . 1000 

Average cliaiiietcr at top , 10 inches 

Kerf cut by saw used y\ inch 

Allowance fur slirinka^c i"ch 

Scale by liiteriKiLional 'h Rule __7i,5K5 ft. B.M. 

Scale adapted for -inch kerf (see page 84) 68,006 *' ** 

Actual product after manufacture 69,606 ** *' 

Over- run of scale by saw cut 1,600 '* ** 

Average overrun per log 1.6 " " 



By using the rule formula it will be found that with a ^-inch 
kerf it takes an increase of just .1 inch in the diameter of a 
lo-inch log to increase the scale 1.6 feet board measure. In 
other words, if the above supposed case were a real one, the 
saving in the edging waste of 1.6 feet B.M. per log on account 
of the greater straightness of the logs would have as great an 
^ect on the product in sawn lumber as an increase of .1 inch 
in the diameter of all the logs wotild have on the scale. The 
application is obvious. If it be desired to adapt the Interna- 
tional Rule for logs sawing out as economically as in the sup- 
posed case above, the zero point of the graduations on the 
scaling stick must be moved . i inch to the right so that from o 
to the I -inch mark on the scale, the actual distance will be but 
.9 inch. So adjusted, the scaling; stick would be a local rule for 
the species or the localit}' giving as favorable results from 
actual mill tests as hnve been assumed for illustration purposes. 

Mill 'lest with li '/afr Pine. The results of a test with white 
pine logs made in ilu siinnuer of 1905 on the (3ttawa under 
ordinary commercial conditions will be of interest. In scaling 
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tlie logs for the following comparative statement, all fractions of 
inches in the measnied diameters were disreg^tded if of the 
even half inch or leas, while all greater than the half were 
counted as fall inches, except in the case of the Champlain scale 
where all fractions were disregarded as directed by the maker 
of the rule. The logs were cut almost entirely to inch boards 
(i ^ inches thick) by a band saw cutting a >i>inch kei:f : 

Over-mo ( ••- ^ or under-run i i of Saw Cut a« 









comiMred with sc tir iv 
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Doyle 


Scribner 


Charaplaiti 
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Logs 
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y% Rule 


6- 8 


38 


+ 143% 




4- 103% 


4-2.6?6 


7- 9 


54 


4-115% 


4-35^ 


4- 8 8^ 


4-2.3% 


8-ia 


lOI 


4- 1^% 


4-34% 


-1- 7 ^'h 


4-00% 


IO-X7 


I04 


+ 45% 




4- 4.7 


1.1J6 




90 


+ 24% 


4-14% 


4- 67% 


4-05% 


21-24 


126 


4- 18% 


4-14% 


4- 5-2% 


4-1.1% 


»5-33 


3» 


+ 10% 


+ 9% 


4- 3 3% 


-0.5% 



The groups of smaller logs are over-lapped somewhat to show 
intermediate steps in the decreasing error of the Doyle scale as 
the logs grow larger. The lo-iy^inch group of 104 logs repre- 
sents the average log as cut on Ontario public lands in 1904, the 
scale of the average log being 61 feet accoiding to Doyle. The 
Doyle rule is of course increasingly unsatisfactory as a measure 
of log values as the average log milled grows smaller. The de* 
crease in the size of the aver^;e pine log cut in Ontario has been 
35% during the last 13 shears. The Scriboer rule is much less 
extreme than the Doyle but is quite out of touch with modem 
conditions. The theoretical allowance for edging used in the 
computation of the Champlain rule was a i-inch board from the 
centre of the logs sawn. This is equivalent to about .3 foot 
board measure per .square foot of bark surface, and is much too 
low even for the straightest, smoothest logs. The absence of 
any allowance for taper in the scaling score is equivalent to 
addinp^ at least .5 ft. B.M per sq. ft. of bark surface when i6-ft. 
loc^s are sawn Where the fractions of inches are all disregarded 
in measuring the diameters in scalinj^, this e<iijin;^ allowance is 
further bonusedtothe extent of about .22 ft. H.M. or a total edg- 
ing allowance of a trifle over one foot l)oard measure per square 
foot of !)ark surface, which is larger than necessary. Were the 
Chamiilaiu rule a y^-\\\Ki\\ kerf rule as intended h\ its author, the 
baud saw cut should have over-run its scale 10 per cent. through- 
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out. Its kerf allow ance is really y\-inch when the boards are cnt 
plump to allow for shrinkage, as is always done. The test proved 
very satisfactory for the International Rule. The total scale 
given the 403 logs sawn was 82,920 feet, board measure, as com- 
pared with a product of 83,288 feet measured after manufacture, an 
over-run of the scale of four-tenths of one per cent. It will be 
noted that the scale proved equally satisfactory for small and large 
logs. 

JuDsoN F. Clark. 
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THB IMTBRNATIONAL LOG RDLS. 

Formula : (D^ X 22) — 71D for 4 foot iecUons. 
Taper allomuice : yi inch per 4 feet lincel. 
Stendflfd loele ftr eews cntUng m >i4iicii kerf. 
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MARKETING OF WOODLOT PRODUCTS 

J. W. OAIXAim 

Usual selling: methods. — The avei aRc woodlot owner has but an 
indefinite idea of the contents nf his wot)dlot, or of how best to 
market his woodlot products. Instances of woodlots selh'njjr for less 
than one-half their true value are common in most communities. 
Usually the farmei- sells his timber "by the lot" to a portable- 
sawmill owner or timber buyer, receiving a lump sum lor ail the 
timber on the area. Being unfamiliar with timbei- values and of 
how they are determined he has, at best, but a v£^«,nie idea of what 
the timber standing in his woodlot is worth. The buyer heing ex- 
perienced in timber-estimating- and marketing: can go through the 
woodlot and determine the amount and value of the timber before 
making his oiler. This condition of affairs naturally leaves the 
owner on unequal terms with the buyer, and he frequently sells his 
timber for a price decidedly unfavorable to himself. 

Another serious objection to the method of selling timber *'by 
the lot" is that no provision can be made to save any desirable trees 
for a second crop. The buyer paying a fixed sum for everything 
on the area will cut every stick that offers a chance for profit and 
will naturally take no care of what he cannot use. What is left to 
the owner is, indeed, a decidedly poor tract of woods. 

Such mistakes should be avoided. Woodlot owners should 
abandon the practice of selling the entire lot for a lump sum. The 
principles of forestry should be applied when timber is cut The 
mannei^ in which cutting is done determines the future condition 
of the woodlot. 

Better selling methods. — Sales should be based upon an accur- 
ate knowledge of values. The stumpage value, which is the price 
that can be obtained for standing timber, depends upon the quality 
of the material and its nearness to market. In order to arrive at a 

(41) 
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fair stumpage value for tim))er, the owner must determine what the 
logs or other products woui i sell for delivered at some factory or 
shipping point, what it wouid cost to cut and deliver them, and what 
amount of each product can be cut from the area. The most satis- 
factory method, in nearly every case, is t© sell by the unit ; that is, . 
so much per thousand feet of lumber; so much per tie, pole, cord, 
linear foot, etc., based on the amount actually cut or estimated to be 
in the lot, with a definite agreement as to wliat ti'ees are to be left 
standing and the extent to which reproduction and young growth 
are to be protected. For the best results the owner should do the 
work in the woixls himself, or at least have it done under his direct 
supervision. When the woi k is done by contract, careful pi u\ isions 
should be made to jjrevent careless operations and unnecessary in- 
jury to the future stand. 

Many times it is not necessary foi- the farmer to sell Lhe pro- 
ducts of his woodlot to a portable-sawmill operator or to the local 
timber buyer. If he secures some special market for his material ; 
does the cutting, logging, hauling, etc., with his own help and teams, 
he not only receives the* value of his timber, but also saves for him^ 
self the profit of the buyer who generally figures on at least 20 per- 
cent margin. To be able to sell his products in some foim which 
pays not only a fair stumpage value but also day wages for himself 
and team is often a great advantage to the farmer. But in order 
to determine the most profitable form into which his trees may be 
worked, he should consider every available special market for his 
products. 

It is therefore well worth while for the woodlot owner to 
familiarize himself with the ordinary methods of timber-estimating, 
and to inquire carefully into the matter of timber values and mar- 
kets before disposing of his product. 

MKI HODS OF MEASURING WOODLOT PRODrCTS 

Lumber.— Lumber is almost always sold by the thousand feet 
board measure (M feet P>. M.). The board foot, the unit of board 
measure, is the e(iuivalent of a hoard 1 foot wide, 1 foot lonj? and 1 
inch in thickness. Dimension timbers, planks and other pieces 
more than 1 inch in thickness are also measured by the lioard foot. 
The l ule for finding the lioard-foot contents of any regular stick or 
sawed timber may be stated as follows: Mvltipbj the v:idth of the 
fitick bij its fhlr/oipRp hi inrhea; nHidiiply this ptrxhirt by the length, 
in feet, and divide the result by 12. Thus a ]ilank 2 inches thick, 

2 X 6 X S 

6 inches wide and 8 feet long, contains — — ^ 8'board feet 
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Lttmbermen generally use a "scale stick" for measuring lumber. 
This stick is so made that it shows at a glance the contents in board 
feet of any regular piece of sawed lumber when the length, width 
and thickness are known. 

Wood for paper piilp> excebior^ fuel, handles and similar pro- 
ducts. — ^Wood for paper pulp, excelsior, fuel, handles, etc., is usually 
worked into a form too small to be scaled by the board foot. Such 
material as this is measured by the cord. A cord may be defined as 
128 cubic feet of stacked wood. It is generally understood to be a 
pile of wood cut into 4-foot lengths and stacked 4 feet high and 8 
feet long. Frequently, however, wood is worked into shorter 
lengths. When tliis is done it is piled 4 feet high and 8 feet long 
and passes as a "short cord." 

Crossties, posts, poks, piles and mine props. — Such products as 
ties, posts, poles, piles and mine props are sold by the single piece. 
The market calls for these materials to be of different sizes and the 
value per piece is determined by the size and quality. Speciiica- 
tions for these products will be given later. 

Los:s. — The contents of ]ogs are measured in board feet. The 
entire contents of a log- are not nieasui-ed, however, but only the 
amount of lumber which can be sawed from it. 

FAOTOBS mrLVSNcnrG thb boiimiTS or loos iw boabo febt 

The number of board feet which can actually be cut from logs 
of a given size will vary under different circumstances because of 
variation in the several factors which determine the amount of 
waste. These factors are as follows: 

1 Thirkncss of the saw.— The thickness of the saw used at 
the mill will affect the actual amount of lumber that can be cut 
from n log. The ordinary circular saw in use at r.mal] portable- 
sawmills is from one-fourth to five-sixteenths of an inch thick and 
may cut from 10 to 20 percent less from a log in inch boards than 
could be cut from the same log witli a band saw, because the waste 
in saw kerf with the band saw is only one-half as great. 

2. Width of f^mallest hoards.— U no boards less than f> inches 
wide are sawed from a log, the numbei- of board feet obtiiined will 
be less than if boards .') inches wide are sawed. When a log is 
slabbed for sawing boards H mclies wide, material is thrown away 
which would produce four o-inch boards. The percent of loss is 
of course greatest with small logs. 

3. Skill of sa ivin r.—X skillful sawyer by taking advantage 
of the irregularities of logs and carefully sawing each log in such 
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a iiiaiitier as to get the maximum amount ol' lumber from it can 
secure a greater yield in hoard feet than if the logs are cut through 
carelessly with little regard to form and shape. 

4. Condition of logs. — The logs cut from the average vvoodlot 
are not usually perfect. There is certain to be more or less waste 
due to decayed spots, crooks, knots and other defects. 

.5. Thickness of hoards. — If logs are sawed into boards 1 inch 
or less in thickness, there will be a greater loss in saw kerf than if 
2-incli planks or other thick material is sawed. Hence, ti\e number 
of board feet obtained will be less when logs are sawed into thin 
material. 

6. Efficiency of fmchincry. — If saws are properly filed and 
set, and good, well-regulated machiner>' is used about the mill, the 
total cut from a given lot of logs is, of course, greater than could 
be obtained with a poor saw and inferior machinery. 



TABLB I. -COMPARISON OF THE DOYLE AND SCRIBNER RULES 
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Tables have been prepared winch sliow ihe esliuialeci number 
of board feet that can be cut from logs of different sizes. Such 
tables are called log scales, log tables or log rules. There are a 
number of these log rules in use in various sections of the country, 
' but in Ohio the Doyle rule is generally employed. This rule is 
accurate only for logs of medium size, or from about 20 to 30 inches 
in diameter. It gives an extremely s^all scale for logs of small 
diameter, and woodlot owners selling sniall-sized logs by this scale 
will give much more material than they are paid for. For large 
f logs, however, it gives too large a scale. A comparison is given 
between the Doyle and Scribner rules in Table I. The Scribner 
rule gives a more just scale for small logs. 

For use in the actual work of scaling logs, scale sticks are made 
for each of the common log rules. The scale stick has printed on 
it numbers which show the board-foot contents of logs of different 
sizes. 

SOAUNG 

Scaling consists in determining, witii the aid of a scale stick, 
the contents in board feet of a given log. If all logs were regular 
and perfect, scaling would be a simple process; but since very few 
logs are perfect the scaler must make allowance for all sorts of 
defects. The knowledge of how to allow for defects can be ac- 
quired only by practice and obsen^ation. The figures on the scale 
stick show the contents of straight, sound logs, according to diam- 
eter ana iciiglli. The stick should be applied to the average 
diameter inside the biark at the small end of the log. 

No hard and fast rules can be given for scaling, but the follow- 
ing are some of the visible defects in logs for which the scaler must 
make allowance : 

1. Crooks. — Generally a certain percent is deducted for 
crooks, but for a specified log the scaler may sight along the log and 
calculate how much the small end must be reduced so as to contain 
just the largest square stick which can actually be cut from the log. 

2. Shakei. — ^By ''shakes" is meant cracks in timber, generally 
caused by wind or frost. These may either follow the annual rings 
of growth or cross them. If such shake cracks are confined to the 
heart of the log and the grain is straight, only the center need be 
thrown out. Still, shaky logs are usually worthless for lumber if 
the crack is extensive. 

3. Dote. — ^This term is generally employed by lumbermen tq 
denote decay, or rot, in timber. This may occur in any part of the ■ 
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log, but is orten at the center. Sometimes tiie sapwcod is decayed 
or w ormy while the lieartwood is good. In this case only the heart- 
wood IS scaled. If a doty or rotten spot appears at one end of a log, 
it is generally safe to deduct that a^ea through the entire length of 
the log. 

4. Cat-face. — Cat-face is a term generally applied to partly 
healed scars on the trunk of a tree caused by iir(\ sun scald or 
mechanical injury. Unless decay has developed, a cat-face is not 
usually considered a serious defect. However, it may cause the 
removal of a wide slab. 

5. Mechanical injuria and other (Jeferts. — S])Iits and other 
injuries may be caused by careless felling. Ciicclws may occur 
while the lug is seasoning. Insect injury and \ arious otlier defects 

' are frequently encountered. For all of these the scaler must^make 
allowance according to his best judgment. 

^ If it is desired to find the board-foot contents of a log by the 
Doyle rule, without the aid of a scale stick or log table, the rule 
may be stated as follows: Deduct 4 inehes from the diametet\ of 
the log; sqttare one^fewrth of the remainder, and mtdtiply the regfult 
hy Ike length of the log in feet. 

Example : A 16-foot log is 24 inches in diameter. 24 — 4 = 20 ; 
i/i of 20 — 5 ; 5 squared = 25 ; 25 x 16 400. Therefore, a 16-foot 
log 24 inches in diameter contains 400 board feet by the Doyle rule. 
In scaling long logs by this rule either the diameter should be taken 
at the middle of the log or the average diameter of the two end^ 
should be used. 

ESTIMATING THE A.MOUNT OF TIMBER IN THE WOODU>T 

It is quite possible for the woodlot owner to estimate his own 
tiniber fairly well. The average woodlot is not large and much 
more thorough methods of estimating may be employed than would 
be practicable on large timber tracts. However, the owner nfust 
remember that to make an accurate estimate of standing timber 
requires skill and experience. Therefore, if his woodlot is large 
and contains considerable valuable material, it will pay best to se- 
cure the ser\ices of an experienced estimator, preferably a forester 
who can at the same time make out a plan for the future manage- 
ment of the woodlot. 

Only a few practical methods of estimating will be described 
here. They are not intended for large areas where, it would be 
impossible to count all the trees. 

The single-log method.— A method frequently used is that of 
estimating the entire merchantable portion of the tree as one log. 
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Proceed as follows : Estimate the entire length of the merchantable 
section of the tree; then estimate the top and bottom diameters; 
average these diameters, and find the contents by the Doyle rule. 
For example, if the length of the merchantable portion of the tree 
is 42 f eet» the top diameter 12 inches, and the bottom diameter 20 
inches, the average diameter would be 16 inches, and the board-foot 
contents of the log would be, by the Doyle rule, 378 feet 

Hie trec-to-tree count. — This method involves the use of a 
^'tally sheet" and a log table, and requires the ability to judge 
diameters at different places on the tree. It is one of the best 
methods for the inexperienced estimator, provided he does his work 
carefully.' By this method the estimator approaches each tree, 
determines the lengths of the various logs which should be cut from 
^it, estimates the top diameter inside the bark of each log and enters 
it in the proper place on the tally sheet according to diameter and 
length. 

TABLB tL--SAMPLE TALLY SHiCBT FOR ESTIMATING LUMBER 
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The "dot and h'he" system of tallying used here is one which 
enables the estimator to record a larjre nimibcr of logs on a single 
sheet. The value of each symbol is shown by the following: 



r. 



n 



□ 



0 



10 



u 
B 



12 



Since they are arranged in blocks of ten, they are quickly and 
easily read. 

After all the logs have been entered on the tally sheet, the 
board-foot contents of each sized log is found in Doyle's log table 
and multiplied by the number of logs of that size, and this product 
entered in the next column to the right. The total at the bottom 
of the tight-hand column is the board-foot contents of all the logs 
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of that length, and the sum of the totals for the different length 
logs gives the entire estimate. With this form of tally sheet a 
separate page must be used for each species estimated, and the 
totals of all the species are added for the complete estimate of the 
woodlot. 

If the estimator uses but one standard log-length, he will Ije 
able to lessen greatly the number of computations necessary to ar- 
rive at the final estimate, and a Single tally sheet will serve for sev- 
eral species. The single tally sheet is generally used by exi>erienced 
estimators because it greatly simplifies the tallying and scaling of 
the logs. The 16-foot log is the standard length commonly used. 
However, the inexperienced worker in a small woodlot will gener- 
ally find it more satisfactory to use two or more log-lengths. Table 
III shows a tally sheet for use with the single log-lengtti. 



TABLB IIL— SAMPLE TALLY SHEET FOR ESTIMATING TIMBER 

(16-foofc logs) 
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N. B. If denired extra roluiiins iuh>- be inaertrd ia tbe talljr slifet for r«rcordiDg the 
aunber of trem of each apeoi**. 



Considerable skill is required to judge the top diameters of logs. 

Thus it is necessary for the inexperienced estimator to use either 
a pair of calipers' or a tape to measure the diameter of the 
tree at a point lueast high, or about 4V2 feet above the ground. 
This measurement will be above the root swellings and will afford a 

*Tr«>«> ciiliv.ers may bo piir^h i . -1 fri :n K. ifT. ! X F r Co., 127 FoltOO StTCOt, M«W Tofk* 

N. T. Itt-iacb »i>e lor |3.15 and ;io-iQcii &ut' fur |i4.6u. 
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valuable check in judging the top diameters of the loo-s to Ije taken 
from the tree. If a tape is used, the distance around the tree is 
read and multiplied by 7/22, or divided by 3.1416, to get the diam- 
eter. If calipers are used, the diameter is read directly from the 
graduated ai-m. It is also a good plan to use a light 10-foot pole 
having attached across one end a small slick marked oif in inches 
})y itrominent notches, which an assistant can hold against the tree 
with tlie cross-stick at the point where the first log would come. 
The diameter can be determined with fair accuracy from the 
notched rule. After taking a diameter measurement at a puiiil 
breast high with the calipers, and another at the top of the first log, 
as just explained, the top diameters of tlie other logs in the tree 
may l>e estimated by comparison. 

The average thickness of the bark at different heights on the 
tree must be allowed for. Taking a few measurements of the bark 
on felled trees will give the operator a good idea of the amount to 
deduct to get the inside dfameter. 

Hie advanta£[e of this method of timber-efttiinatinjf is that the 
operator can make allowance for all such physical defects as crooked, 
diseased and defective portions of the tree, and allow for excessive 
taper and thickness of bark before making his entries on the tally 
sheet. 

The average-tree method. — ^Another method which is some- 
times used is to go through the woodlot and count all the trees, 
determine the board-foot contents of the average-sized tree and 
multiply this by the total number of trees in the lot. It is Impor- 
tant.that particular care be used in selecting the average-sized tree 
and in determining its contents. 

The diameter-dass method* — A method generally more prac- 
ticable than the average-tree method is to take the breast-high 
diameters of all the trees in the lot and tally them in* inch diameter- 
classes, keeping the different species separate if desired. Then 
determine the contents of the average tree in each diameteiM^lass; 
multiply the contents of the average tree of each diameter-class by 
the number of trees in that class, and add the results obtained for 
each class to secure the total volume of the entire lot. The diam- 
eters should be measured with calipei s or tape, and trees should be 
marked in some way in order to avoid counting any of them more 
than once. Plain chalk or crayon may be used for marking the 
trees as they are counted. 

MARKETS 

' The principal markets for the products of the farm woodk>t are 
for lumber, building and construction material logs, crossties, poles. 
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piling", posts, firewood, and frequently for round cord-wood for use 
in paper-pulp plants, pail factories, box factories, excelsior plants 
and liandle works. But for such woods as white oak, yellow poplar, 
walnut, cherry, ebri, hickory and ash, there are a g-reat number of 
special markets, as veneer mills, furniture factoiies, vehicle fac- 
tories, etc. These special markets e'^nerall\' demand a certain 
quality of material, and the price paid for it is considerably above 
the "log run" value of lumber. Therefore, owners are again re- 
minded that tliey should inquire with particular interest into all 
available special markets, not only to locate markets for the differ- 
ent speries but also to determine the most profitable form into which 
the various trees may bo worked. 

However, the woodlot ownei- inust I ear in mind that a market 
for rough forest products, as logs, ties, ;»()]es, etc., will be more to 
his advantage than one for sawed material to be sold on grades, 
.unless he is able to secure the services of an exceptionally good 
portable mill with a sawyer who thoroughly understands how best 
to saw such material from the different logs. 

PBINCIPAL PRODUCTS AND PRICES 

Lumber* — ^The principal uses of each kind ot wood are given 
later in this bulletin. Large quantities of the lumber sawed by 
small sawmills is not sold on grades, but by the "log run," which is 
the a/erage value of all the products sawed from the log. The 
prices given later are the "log run" values, under average woodlot 
conditions. The average "log run" value of the lumber cut from 
woodlots of Ohio is about $20 per thousand feet board measure. 

Logs.^In this State large quantities of logs are purchased 
annually by sawmill companies, veneer mills, lumber companies, etc. 
The price paid by these finns for logs delivered at their yards de- 
pends largely upon the size and quality of the material. Generally 
logs are graded according to quality, as "firsts," "secords** or 
"thirds/* Frequently the price of a log falling in one of these 
grades is detennined by its diameter, the large logs bringing a 
higher price per thousand feet than the smaller ones. 

The price of logs varies over the State, depending largely upon 
the nature of the industries and the available supidy of suitable 
material. However, the following values may ser\^e as a guide. 
The prices given here are for a thousand board feet delivered at 
the yard of the purchaser. 

Green hardwood logs frequently average 10 pounds in weight 
per foot board measure, and, therefore, cannot be profitably shipped 
When the market is too far distant. From 3,000 to 7,000 feet make 
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an ayerase carload. Logs should be cut 10, 12, 14 or 16 feet in 
length unless otherwise specified. They are usually cut 4 inches 
over the specified length to allow for trinuning. 



TABLB IV^PRICBS OP DIFPBRBNT KINDS OP LOOS (per M bd. ft.) 
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Polca. — ^Most telephone, electric light, power and traction com- 
panies, and railroads buy chestnut poles on their own specifications. 
Telephone companies carrying only a few wires often accept small 
poles. Poles should be made from sound, live chestnut, squared at 
both ends, reasonably stifaight, well jnroportioned from top to butt,* 
peeled^ and with knots trimmed close to the surface. 

The following specifications and prices are about the average 
for a good grade of chestnut poles. 



TABLB v.— CHESTNUT POL& SPBCIFICATIONS f^ND PRICES 
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Piling* — Most companies classify piling as permanent or tempo- 
rary. The following specifications will show the usual requirements 
for piling. 

Permanent piles must be white oak and must be peeled. Temporary piles 
may be red or black oak, beech, sycamore, black gum, maple, elm, hickory or 
chestnut, and need not be peeled. The «liameter at the middle of the pile shall 
be not less than 12 inches, and Ihr maximum diameter at the butt 20 inches. 
The minimum diameter at the top shall be 9 inches for piles up to 30 feet in 
length, 8 inclies for lengUia between 30 and SO feet and 7 inches for lengths 
0^ 60 feet. A line from the center of the butt to the center of ^ top ahalt 
lie within the body of the pile. 
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PerTnanent piles usually bring from 14 to 18 cents per lineai' 
loot (1( in ( t t (1 at the railroad, while the average price for temporary 
piling is not more than 8 to lU cents per linear foot. 

Crossties. — The market for crossties is generally steady. Ties 
are purchased by most railroads and traction companies at any point 
along their right of way. Specifications and prices given by the 
diffei ent c ompanies vary somewhat, but the following specifications 
are perhaps typical. 

All ties shall be made from live timber, and shall be straight and free from 
soft or decayed knots, wind shalcM, worm boles, ehecks or splits and other 
imperfections which impair the usefulness of the tic. 

Ties may be manufactured out of the full-sized log by sawing or hewing 
parallel slahs from it to pive the reqiirred thickness making- po!p ties; or by 
sawing or splitting sticka of the requisite size out of larger logs. If they are 
split out the top and bottom faces must be dressed parallel and smooth after- 
ward in the same manner as pole ties.- 

All ties must be made of approximately straight grain timber; all ties 
except cedar must be entirely clrar of biuk boforo (U livery; all cutting, saw- 
ing, hewing, splitting and barking must be done thoroughly and in a workman- 
like manner. 

CLA.^b A OB No. t TIES, 7 In. x 9 in x 8' ; ft. 
All ties ot this class whether sawed, split or pole ties, shall not be less 
than 9 inches wide through the body of the entire length of ^e tie, by not less 
than inches nor more than 7% inches in thickness between parallel faces, 
which faces must be at least 8 inches wide under the rail and for 1 foot each 
way from the rail bearing. 

CLASS B OB No. 2 TIES. 7 in. x 9 in. x 8' ft. 
All ti« :? of this class shall be similar to Class A ties in every respect except 
thai the parallel faces must be at least 7 inches wide under the rail and for 1 
foot each way from the rail bearing. 

CLASS C OR No. 1 TIES. 7 in x 8 in. jt 8«.a ft 

All ties of this class whether sawed, split or pole ties, shall not be less than 
8 inches wide through the body of the entire length of the tie, by not less than 
6% inches nor more than 7)& inches in thickness between parallel faces, which 
faces must be at least 7 inches wide under the rail and for 1 foot each way 
from rail bearing. 

CLASS D OB No. 2 TIES, 7 in. x 8 in. x Bi/j ft. 

All ties of this riass shall bp shuilar to Class C tirs in every respect except 
that the parallel faces must be at least 6 inches wide under the rail and for 1 
foot each way from rail bearing. 

CLASS E OE No. 1 lli-S, f, in. x 8 in. x 8 it. 

All ties of this class whether sawed, isplit or pole ties, shall be not less 
than 8 inches wide through the body of the entire length of the tie, by not less 
than 6 inches nor more than 6^ inches in thickness between parallel faces, 
which faces must be at least 7 inches wide under the rail and 1 foot eadi way 
from rail bearing. 
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AU ties of tilis class shall be similar to Class E tics in every respect except 
that the parallel faces must hf^ at least 6 inches wide under the rail and for 1 
foot each way from rail bearing. 

None of these ties are to vary in length more than 1 inch either way. 

The following kinds of timber will be classed with white oak: 

Post oak Overcap oak 

Bur oak Black walnut 

Chestnut oak or rock oak Black or wild cherry 

Chestnut oak or chinquapin Yrllow or black locust 

Swamp white oak Red mulberry 

Cow oak or basket oak Sassafras 

The following kinds of timber will be accepted for creosottng: 

OBOUP Ho. 1 

Red oak Scarlet oak 

Pin onk or swamp Spanish oak Shinj^le oak or laurel oak 

Black oak or yellow oak Willow oak 

Spanish oak , Honey locust 

Water oak 

OBOUP If*. S 

Beech Sweet, red or black birch 

OBOUP Ho. 3 

Suj^:ur maple or rock maple Moikernut hickory 

W hite ash Pignut hickory 

Bittemut or swamp hickory Hackberry or sugarberry 

Shellbark hickory Pecan hidcory 

OBOUP ir«. 4 

Yf llow birch ot- j^rav binch Cork elm, rock elm or 
biippery elm or red elm hickory elm 

The 7" X 9" x 8V^' ties contain 44.6 board feet apiece and make 
a^ut 22.4 ties to the thousand board feet. At 75 cents apiece they 
bring about $17 per thousand feet. 

The 7" X 8" x SYz' ties contain 39.6 feet each and run about 
25 to the thousand feet. White oak ties at 75 cents each bring 
about per thousand feet. Treatoient ties at 66 cents each bring 
about $14 per thousand feet. 

The 6" X 8" X 8' ties contain about 32 feet each and run 31 14 
to the thousand feet. Whitf' oak ties at 65 cents each bring; about 
$20 per thousand feet. Treatment ties at 45 cents each bring about 
$14 per thousand feet. 

Cordwood. — In 01 nO cordwood has a small market value. Ex- 
cept near a few large towns, a haul of 5 miles makes cordwood 
cutting uniijofitable. For fuel it usually brinj^s from $2 to $5 per 
cord delivered to the consumer. Hickory, oak and chestnut are 
preferred for firewood. Cordwood for pulp or excelsior is worth 
from $5 to $7 at the mill. 
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Posts and mine props. — ^Posts are usually either 7 or 8 feet in 
length and, if round, from 4 to 6 inches in diameter at the small end. 
If posts are split, the faces are usually required to be from 4 to 5 
inches across. They must be free from shakes, rotten knots and 
bark. Chestnut posts frequently sell for 10 cents each at the woods. 
First-grade locust posts delivered to a shipping point brin^ fh>m 13 
to 17 cents each. 

Mine props may be made from any kind of sound hardwood. 
If round they must be 4 inches or more in diameter at the small 
end. If split they must contain 16 square inches of material at the 
small end. Props are from 2V2 f^t up in length. The price for 
props up to and including the 5-foot length varies from >/o to 1 cent 
per linear foot. For props from 5 feet to 8 feet in length the price 
is usually 1 cent per linear foot plus 1 cent per prop. These prices 
vary greatly over the State, depending largely on the distance from 
the mines where they are to be used. 

COST OF LUMBERING 

The cost of lumbering as used here will mean the entire cost 
of converting standing trees into the various products, such as lum- 
ber, poles, ties, etc., and delivering them to a market or shipping 
point. The determination of lumbering cost is a problem into which 
a great many factors enter, such as the distance of the timber from 
the mill and market, the ease with which trees can be felled, cut 
into logs and hauled to the mill, the nature of the haul to market 
and the cost of team hire and labor. 

Hauling. — The cost of hauling must necessarily vary witli the 
distance, with the amount of material which can be hauled at a load, 
and with the rate of wages. T]w. amount of material which can be 
hauled at a load, in turn, depends upon the condition of the roads, 
the topography of the country, and whether the material is seasoned 
or jrrocn. 

It is ordinarily assumed with such figures that $4.50 per day 

is the average w'age for a team and driver ; that on ordinary roads 
the average load for a team is 1,000 board feet of lumber, 500 board 
feet of logs, thii'ty-two 8-foot ties, two 35- to -IS-foot poles, four 30 
to oo-foot poles, six 25- to i>0-foot poles, or one cord of 4-foot wood: 
and that the ordinarv foam of draft horses on country roads will 
Tint nvorix^p moro than a Hi- to 18-mile trip per day — loading, haul- 
ing ami retuniiiiK with the empty wagon. 

Cutting.— Tlic f fist of fplh'ng troos and rutting them into logs 
varies with cotiditions i?i tlu^ woods. \;i\><>v costs and the nature of 
the timber to be cut, but usually will average about $1.50 per 
thousand feet. 
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Skidding. — ^The cost of skidding necessarily varies witli the 
distance to the mill, nature of the jrround, rate of team hii-e, etc., 
but in case (»f a portable-sawmill in the average woodlot should not 
average more Llian $1.50 per thousand feet. 

Sawing. — The gi'eater part of the timber cut from the woodlots 
of Ohio is sawed by small portable-sawmills. The cost of moving 
one of these mills is not large, and from 50,000 to 75,000 board feet 
vfill warrant a "set-up." Often where the lots are quite small, two 
owners or more will combine to have a portable mill move in and 
saw their material. The price charged by such mills for sawing 
will vary from $3.50 to $4.50 per thousand feet, with $4 per thou- 
sand about the average. Where logs are hauled to a stationary 
mill, the price for custom sawing is frequently as high as $5 per 
thousand feet. 

Piliiig« — ^Many times when sawing is done in the winter and 
the lumber delivered green, the piling cost is quite small, but if the 
lumber is to be loaded on cars at the railroad, a cost of at least 75 
cents per thousand feet must be expected for idling and loading. 

function of lumber. — ^Assuming that the distance of a given 
woodlot from nuurket is 8 miles, that the wage rate is $4.50 per day 
for team and driver, that 1,000 feet of lumber can be hauled at a 
load and that the sawing is to be done by a portable mill, the cost of 
operations will be about as follows : 

IVr Nf bd. ft. 

Cutting $ 1.50 

Skiddine 1.50 

J'jiwinj? 4^ 

Filing .75 

Hauling 4.60 

Total $12.25 

However, should the distance from the v, M(irliot to the market 
be but I miles, the team could make two trips per day and the haul- 
ing cost would be but $2.25 i)er thousand feet, tlius reducini,^ the 
cost of operations from $12.2.") t(» SIO per thousand feet. The owner 
must, of course, adapt these figures so as to apply to his pai-ticular 
case. 

Production of lo}>:s. — At the same cost for cuttinjr and skiddiuo- 
logs as has been given above for the production of lumber, and for a 
hauling distance of 7 to 9 miles, the probable cost of putting logs 
on the cars at the shipping point is indicated below. 

I'. r Nf l.d ft. 

Cutting $ 

Skidding 1.50 

Hauling 9^00 

Loading on cars 1.50 

Total $18.50 
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If the hauling distance is short enough to peiTnit of two loads 
per day, the baiihng cost will be only one-half as large, thus reduc- 
ing the cost oi operations from ii>lo.50 to $9 per tliousand feet. 

Production of poles and piling. — Pole cutting is a simple process. 
It consists in felling the tree, sawing off the top at a point which will 
give the specified top diameter inside the bark, trimming the 
l>7'anc}ies rlose, and peeling. Usually the cost is 1 cent for each foot 
in length for poles up to 3o feet long, and 85 cents for poles fi'om o5 
to 50 feet long. The cost is less if pules are cut in the spring and 
early summer wlien peeling is an easy task. However, some com- 
panies specify winter-cut poles. 

The cost of making piles is about the same as for poles, since 
they must be peeled if they are for permaMeiit use. But temporary 
piling can often be cut at a cost of ' ^ cent per foot of length when 
peeling is not required. The hauiing cost for poles or piles will 
usually be cent per linear foot for each mile of haul. 

Production of ties. — The cost of making ties will run from 10 
\ cents per tie upward. To hew ties will usually cost from 10 to 12 
cents for chestnut and from 12 to 14 cents for oak. One thausand 
I board feet of ties make a good load and the hauling cost will depend 
upon the distance. 

Ties should be sawed at less cost per thousand fe^t than lumber, 
since there is less labor and less waste involved. Assuming 33 ties 
to be the equivalent of 1»000 board feet, the cost of cutting and skid- 
.ding to be $3, and the sawing $3.50 per thousand feet, we fmd that 
the cost of making ties will be about 21 cents each at the mill. 

P^uctioii of cordwood.^ — ^The cost of cutting 4-foot cordwood 
varies from 80 cents to $1.20 per stacked cord. When oak or other 
tough wood predominates, the cost is higher than for wood more 
easily worked. One dollar per cord is the average cost for most 
cordwood contracts. One cord of wood makes a good wagonload, 
and the hauling cost will depend upon the distance. 

Production of posts and mine props.— The contract price for 
cutting posts is usually from 214 cents to 3 cents for each post. 
The cost of cutting is generally a little less for chestnut posts than 
for locust. From 60 to 80 posts can be hauled per load. So for a 
2-trip haul it will cost about 3 cents per post to deliver them at the 
shipping point or market. This makes a total lumbering cost of 6 
cents per post. 

Mine props can be proiitably cut only under favorable condi- 
tions. Most mine props are cut at the completion of lumbering 
operations and from material of small value. The hauling cost for 
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mine props is about the same as as for posts. The owner can gen- 
erally expect to realize nothing more on mine props than good wages 
for himself and team, unless his haul to market or shippting point is 
unusually short. 

I DETERMINING THE STUMPAGE VALUE OF TIMBER 

After the owner has determined the cost of lumbering his 
material and knows the market value of the products, he is in posi- 
tion to determine the amount of money be may realize on his stand- 
ing timber by doing his own lumbering and marketing. If, for 
example, the market value of his lumber is $25 per thousand and 
the cost of lumbering $12.25 per thousand, the amount ^ich he 
may realize on his standing timber is the difference between these 
two amounts, or $12.75 per thousand board feet. 

This amount, however, cannot be considered the real stumpage 
value. The real stumpage value of timber is the sum for which 
the standing timber will sell, and not the amount which the owner 
can realisse on it by doing his own lumbering and marketing. The 
purchaser is entitled to a fair profit on his investment. If the pur- 
chaser had to pay the amount for stumpage which is shown in the 
example above, he could not market his timber for more than 
enough to pay the costs of lumbering and stumpage. It is generally 
considered that 20 percent is a fair profit for the operator. There- 
fore, the real stimipage value is the difference between the market 
value of the product and the total lumbering costs, less a reasonable 
profit on the lumbering and stumpage. This is usually expressed by 



Thus, the real stumpage value of the timber in the example given 



the real stumpap:o value thus found would be $8.58 per thousand, 
instead of $12.7r>. if the owner docs his own linnl)ering:, the stump- 
age value and the profit on the lumbering and stumpage will both 
be his. The following examples showing the results obtained by 
farmers who did their own lumbering may prove of interest in this 
connection. 

In the first case the sale was for sawed material to be loaded 
on cars a^ the nearest shipping point, which was 4 miles from the 
woodlot. The stand was mostly oak with a sprinkling of hickory 
and other hardwoods. The owner hired a portable-sawmill and did 




above would be computed as follows: S = 



$25 



— $12.25. And 



1.20 
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his own lumbering. The woodlot presented rather favorable con- 
ditions for luinbei Jiig, and tlie 4-mile haul to the railroad was OV«r 
average country roads. The teams made two trips per day and 
averaged 1,000 feet per load. Lumbering costs were as foflows: 

Per M bd. ft. 

CuUinp- $ 1.50 

Skidding ; 2.00 

Sawinif 3.50 

Hniilinp: 2.25 

Piling and loading on cars .75 

Total $10.00 

TABLE VI AMOUNTS OP MATERIAL SOLD AND PRICES RECEIVED 



Materialii 



Bcndinir stock 

Car tetock 

Ties 

Side lumber . . 

Total..... 



A iniuiiit 
(per B. M.) 



8.600 
16,400 
46,200 

8.80O 



80,OM 



Price per 
MM. ft. 



132 

21 

19 
13 



Total 



$275.20 
314.40 
877.80 
114.40 



|161t. 



At $10 ])(:r thousand the total lumbering cost for the operation 
amounted to $800. The total market value of the products was 
approximately $1,600. Thus, tlie market value of the products less 
the cost of lumbering left the owner $800, $10 per thousand, for 
atumpage and profit. 

In the second example the woodlot was located but S'/.j miles 
from the shipping })<>int. The stand was largely maple and beech, 
but contained some oak, elm, yellow poplar and white ash, together 
with scattering trees of a few other species. The owner wished to 
sell his timber standing but was unable to get a stumpage price 
above $1 per thousand feet. 

He found markets in the nearby city for his ash, elm and yellow 
poplar delivered in the log. Below are shown the amounts of the 
diilerent woods sold and the prices received. 



TABLE VII.— AMOUNTS OF MATERIAL SOLD AND PRICES 



Wood 


A mount 
(£U B. M.) 


Market price 


Total 




40,000 
12.000 
4000 


$22 
40 
40 


i&) 
HO 










56 000 
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Logging costs were as follows : 

Per M bd. ft. 

Cutting $ 1-40 

Skidding 1.60 

Hoaling (2 trips per day, 600 feet per load) 4.00 



Total I 7.00 



He then had a portable-sawmill move in and saw fhift remainder 
of the stand. Below are shown the amonnts of sawed material of 
the different kinds sold and the prices received. 



TABUE Vlli AMOUNTS OF MATERIAL SOLD AND PRICES RECEIVED 



/ 

WotHl 


AnKHiot 
ttt.8.M.) 


Market price 






30,000 


$22 


$ m \- 


MaplCb beech and other bardwoidb. 




13 


4,082 




344,000 




«4.7« 

-— ■ " - ■> ' 







Lumbering costs were as follows: 



. Cutting $ 1.40 

Skidding 150 

Sawing 3.50 

Hauling (2 trips per day, 1,000 feet per load) 2.00 

Loading on cars .50 



Total 



It is readily seen that at $7 per thousand the total lumbering 
cost for the 56,000 feet sold in the log was |392. Likewise, at $8.90 
per thousand tiie total lumbering cost for the 344,000 feet of sawed 
material was |3,061.60. The sum of these two amounts, or 
$8,453.60, represents the entire cost of the lumbering- operations. 
The total market value of all the products sold was $1,520 +$4,742-= 
$6,262. Taking the cost of lumbering from the market value of the 
products leaves approximately $2,800, or $7 per thousand feet, for 
atumpage and profit. 

This owner not only realized $1,200 more for his timber than 
he was offered for it as it stood in his woodlot, but he also received 
good day wages for himself and teams through the winter. More- 
over, there were left in parts of the woodlot fine stands of selected 
young growth which had been protected from careless logging: oper- 
ations, and which will insure a future stand of timber in his woodlot. 

USES OF PRIXaPAL KINDS OF WOODS AND FUIC ES 

The most important uses of our principal woods and the aver- 
age *'log run" value for each kind, under average woodlot condition. 
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are given below. The reader should remember that the average 
"log run" values are generally considerably below the value of 
naaterial for special uses. 

Oak. — Oak is the most abundant of Ohio limber trees. The 
iisf I S oi this wood rc( oL'^nize two kinds, white and red ; but botanists 
divide these into a large number of species. The jn-incipal species 
included in the white oak groui) are white oak. bur oak, swamp white 
oak, chestnut oak, chinqua])in oak and post oak. In the red oak 
grouji are red oak. black uak. sca)-let oak, pin oak and shingle oak. 
Thei'e are a few othei- species of each grou]) found in Ohio, but they 
occur only scatteringl.s and are not important commemally. White 
oak is first in utility and is generally superior to red oak, although 
the latter makes the more rapui growth. The average price of red 
oak lumber is below the price paid for wliite oak, but for certain 
special uses it is much in demand, lied oak is more easily worked 
and kiln dried, and on account of its poi-ous structure takes stains 
and varnish more rapidly. This accounts for its being preferred by 
the furniture makers, including those in the chair industry. For 
vehicles, ship building, agricultural implements, machine construc- 
tion, etc., white oak is preferred on account of its greater strength, 
hardness and density. 

The average prioe of oak is about $20 per thousand feet, al- 
though good clear plank can generally And a ready market at $45. 
Large oak logs suitable for quarter-sawing often bring $50 per 
thousand feet when delivered at the veneer mills. Large quantities 
are disposed of as rough forest products, such as posts, crossties, 
piling aifd cooperage stock. These products are usually sold by the 
piece. In some localities as much as 75 percent of the oak goes 
into railroad material. 

PBWOIPAL V8E8 OP OAK 

Planing-mill products Furniture 
Vehicles and vehicle parts Car construction 

Building' and construction Ag^rlcultural implementa * 

material Boxes and crates 

Crossties Fixtures 
Sash, doors, blinds and general Chairs 

mill work Plumbers' woodwork 

Handles Ship and boat building 

Refrigerators and kitchen cabinets Cooperage stock 

Machine construction 

YeOow poplar* — ^^Text to oak, yelk>w poplar is perhaps the most 
important timber tree in Ohio. In different localities this wood is 
called whitewood, tulip poplar, yellow poplar and poplar; but yellow 
poplar is the most common name used for it in the market. For 
many purposes it is a highly valuable wood. It seasons well, takes 
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an excellent polish, possesses a iine grain and is unexcelled for 
painting. There is no better wood on the market for carriages and 
automobile bodies, and it has few rivals for panel work. In some 
localities the wood of yellow poplar, particularly in young and im- 
mature trees or second growth, is inclined to be white and hard, 
somewhat resembling hickory. Wood cut from such trees is gen- 
erally called "hickory poplar'* by mill men. No doubt the color and 
texture of the wood of the tulip tree is affected not only by age, but 
also by soil, rate of growth and climatic conditions. 

The average price of yellow poplar is about $30 per . thousand 
feet, but there is usually plenty of demand for good dear plank at 
$ro Veneer mills generally offer an exceDent market for large 
clear logs. 

TsmoffAL voB OP nuoir popus 

PlaninK-mni products Boxes and crates 

Sash, doors, blinds and general Bun^s and faucets 

mill work Vehicles and Tdiicle psrti 

Car rons.tnu'tii iTi Furnituro 

Agricultural implementa Fixtures 

Pumps Refrig«niton and kildi«n cabinets 

Plumbers' woodwork Caskets and eoffins 

Musical instruments 

Elm. — There is usually no distinction made in the market be- 
tween the four species of elm growing in Ohio. The white, or 
American, elm and the red, or slippery, elm are the most abundant; 
of these the former is the most important commercially. Rock elm 
is tougher than the others and is iisnally desired by vehicle makers. 
There is very little rock elm found in this State, but lumbermen 
often apply the term "rock elm" to tougfh wood cut from any of the 
species. The terms "hard," "soft," "red," "gray" and "swamp" 
are often applied to elm by lumbermen in different localities without 
much rop-ard to species. Beinpf heavy, hard, dense, tough and 
elastic, elm is well fitted for a number of special uses. It is pre- 
eminently the best wood for patent barrel hoops and bicycle rims. 
The average price for elm is about $20. It will pfenerally pay well 
for the owner to look up a special market for his ehn. 

VKOSWIPAL VBEB OT BLK 

Vehicles and vehicle parts Tlancllcs 

Dairymen's, poultrymen's and Furniture 

apiaristr sapplies Planing^mill products 

Trunl.s Slid valises Fixtures 

Hoops Musical instruments 

Ch JTS Playground equipment 

Agricultural implements Machine conBtruotion 

Saddles and harness Brushes 

BeMgerators and kitchen cabinets Woodenware and novelties 

Boxes and crates 
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Maple.— Lumbennen recoprnize two kinds of maple, hard and 
soft, although there are fwe sju'ruvs ;jruwiMg m Ohio. Sugar and 
black maple supply the hard maple, while the soft is contributed 
by red, silver and box elder, or ash-leaf maple. Sugar maple is 
commercially the most important and supplies practically all the 
hard maple sawed in Ohio. Its wood is called for by a greater num- 
ber of users than any other wood grown in the State with the ex- 
ception of white oak. The wood of the soft maple la flofter than 
that of sugar maple and not sastrong, but is strong enough for most 
purposes and is hard compared with such woods as basswood, yellow 
poplar and buckeye. The white, clean appearance of soft maple 
makes it desirable for furniture making, where it is sometimes 
stained in imitation of expensive cabinet woods. In many cases 
soft maple goes along with sugar maple and both are listed as hard 
maple, except when the strength and hardness of sugar maple is 
demanded as in the manufacture of vehicle parts, agricultural im- 
plements, etc. Basket manufacturers in northeastern Ohio employ 
maple extensively, maple and beech being the principal woods used. 
These two woods also supply much of the car blocking used by steel 
mills. Basket makers pay from $12 to $14 per thousand for logs 
delivered at their factories. Blocking generally brings from $1S to 
$15 loaded on the cars. The average price for maple lumber is 
about $15, with good dear plank bringing $25. 

FvmeiPAXi VSS8 or mapzs 

Boxes ftnd crfttes* Elevators 

PlaTiinpT-niill products Laundry appliances 

Furniture Agricultural implements 

HsTidles Vehicles and vehicle parts 

FixtuN Musical instrumrnts 

WotMiunware and novelties Car construction 

Machine constniction Chairs 

Sa^^h. doors blinds and general Refrigerators and kitchen cabinets 
mill work Pulleys and conveyors 

Plumbers* woodwork 

Ash. — ^There are five different kinds of ash growing in Ohio, 

but it is difficult to distinguish them in the wood. Lumbennen 

generally separate them into two general classes, white ash and 

black ash. Some manufacturers use both kinds indiscriminately, 

but for many purposes white ash is considered superior to blade 

ash and commands a better price. The sawmills of Ohio report 

cutting annually 12 million feet of ash lumber, but much goes 

directly from the forest to the factories without passing through 

the sawmills. Much of the second-growth white ash used for 

handles is cut into lo^s, bolts or billets in the forest and shipped 

directly to the factories. 
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The average price of ash is less than $25 per thousand feet. 
Th<^' nwner should look carefully into the matter of special markets 
for his ash before sawing it into lumber, (iood clear ash logs fre- 
quently bring $40 per thousand feet when delivered at handle 
factories. 

PRINCIPAL USES OF ASH 

Handles Vehicles and vehicle parts 

Car construction Planing-mill products 

Dairymen's, poultrymen's and Agricultural implements 

apiarists' supplies Fomiture 
Woodonware and novelties Ship and boat liuilding 

Sash, doors, blinds and general Saddles and harness 

mill work Musieal in8tram«iito 

Boxes and crates 

Hickory. — Tlip woods of the different hickories are similar and 
hard to distinguish. Consequently, lumber dealers and manu- 
facturers generally make no effort to keep the species separate. 
Hickory ]iroducts are cut in Ohio from shellbark, shagbark. pignut, 
bitternut, mockernut and the small fruited hickory. The hardness, 
streng:th, toughness and flexibiUty of hickory make it highly valu- 
able for a vai'iety of special uses. Tt possesses these qualities to a 
greater extent than any other of uur domestic woods, and no sub- 
stitute lias been found for it in a number of its special uses. This 
fact cond)ined with the growing scarcity of hickory makes the wood 
a valuable one. 

Hickory is primarily a vehicle and handle wood and fully eleven- 
twelfths of the amount used by Ohio manufacturers goes into these 
products. Other things being etpial, wood which has grown rai)idly , 
is best; such stock with its broad annual rings is called second 
growth. The heartwood is reddish and the sapwood white. For- 
merly there was a decided prejudice against heartwood or "red 
hickory." This prejudice still exists to some extent, hut it has been 
proved by Poorest Service tests that, weight for weight, heart is as 
strong as sap. Like white ash much hickory in the form of butts, 
bolts and billets goes from the woods directly to the factories with- 
out passing through the sawmills. The average price of hickory 
is about $18 per thousand feet, but good clear logs frequently bring 
$35 per thousand feet delivered at the factories. 

PBZHOZPAL VSB8 POB HIOKOBT 

Vehicles and vehicle parts Handles 

Agricultural implements Sporting and athletic goods 

Planing-mill products Professional and scientific instru- . 

Boxes and crates ments 

Furniture Brushes 

Woodenware and novelties Car construction 
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Basswood. — ^Lumbenneii often refer to the bosswood tree as 
linden and call the lumber "linn/* but it generally goes under the 
name of basswood in the market. .There are two species in Ohio, 
but the wood is so much aUke that it would be exceedingly difficult 
to tell them apart in a lumberyard, and no practical purpose would 
be served. Basswood is the softest hardwood and has many quali- 
ties in oonunon with yellow poplar. It is stiff, light and easily 
worked, does not stain, and is without taste or odor. These qualities 
put it in demand by manufacturers of kitchen furniture and ship- 
ping containers intended to hold food. Basswood is a favorite with 
woodenware manufacturers. 

Most Ohio basswood is sawed into inch boards which sell for 
about $23 per thousand feet. 

rMampjOt uses fob basswood 

Boxes and crates Woodenware and novelties 

Trunks and valises Dairymen's, poultrYmen's and 

Furnitore a^iiarists* supphes 

Sash, doors, blinds and general Pianino-mill produets 

mill work Musical instruments 

Handles Fixtures 
Agricultural implements Frames and molding 

Car construction Vehicles and vehicle parts 

Professional and scientific instm- Sefrigerators and kitdien cabinets 

ments 

Chestnut. — ^The largest demand for chestnut is for rough forest 
products, as posts, crossties, telephone and telegraph poles, mine 
props and taTining extracts. Its attractive grain and beautiful 
figure have lately brought it into pc^ularity for inside finish of 
houses and buildings, exterior trim and store and office fixtures. 
Being cheaper than oak it is frequently found in finish where oak 
was formerly demanded. The chestnut tree is subject to attacks 
by boring insects, which makes the wood usually defective and ac- 
counts for the presence on the market of the low-grrade chestnut 
lumber known as "sound woiTny." It is this grrade which is used 
in sucli larjGre quantities by the box makers and caskr^l makers, and 
it is also this grade which the piano builders and furniture manu- 
facturers use above any other wood for veneer backinjr and cases. 
Being light and porous, holding its shaj)e well and having a special 
affinity for slue, it is admiral)ly adai)ted for these purposes. 

The most serious enemy of the chestnut tree nnd odp \\]uch 
may cause its ultimate extinction in this country is tiie chestnut- 
bark disease or chestnut blijxbt. This disease has already destroyed 
enormous fpumtities of chestnut in the eastern states but so far has 
not spread to Ohio, with the exception of one or two small infesta- 
tions. 
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The average price for chestnut lumber is about $20 per thou- 
sand feet with good clear plank readily bringing $35. Hie average 
for sound wormy is about $12. Posts usually bring 10 cents at the 
woods. Poles are bought by the pole, or by the linear or 'inning'' 
foot. A first-class 35-foot pole is generally worth $4.50 at the ship- 
ping point. 

PBIHOIPAL HSBS 07 CTBSYVUT 

Boxes and crate? Plumbers* wnorlwork 

Caskets and coffins , Sporting and athletic goods 

Furnitare Car constnictioTi 

Sash, doors, blinds and general Musical instruments 

mill work Planing-mill products 

Agrictiltural instruments Fixtures 

Dairymen's, poult rymen*8 and Crossties, poles aini pOBtS 

apiarists' supplies \ Trunks ami valises 

Beech. — There is but one species of beech Knowing in tliis coun- 
try, althoue-h u.sers often speak of "white beech and "red beech." 
Both kinds come from the same tree, one hein^ the sap and the 
other the heartwood. Some trees have a hu oe percent of sapwood 
and others a large anioimt of heart. The beech tree seems disposed 
to decay as it gets older; much of the mature timber in this State 
is not sound. Until withiti recent years beech was considered of 
little value by manufacturers, and this, together with its tolerance 
of shade and rapid reproduction, accounts for the fact that it is 
iound standinjr in neai'ly every Ohio woodlot, often to the exclusion 
of more important timber trees. Recently, however, l^eech has 
come into considerable favor as a flooi ing- wood, and with the devel- 
opment of preservative treatment is becoming prominent in the pro- 
duction of "treatment" timbers, ties, posts, etc. 

The average price of beech is about $14 per thousand feet. 

FRINCirAL USES OF BEECH 

Boxes and crates Vehicles and vehicle parts 

Handles A^rrit ultural ini{)!ements 

Planing-mill products Sash, doors, blinds and general 
Woodenware and novelties mill work 

Machine construi tion Chairs 

Musical instruments Playground equipment 
Professional and scientific instru- Pulley and conveyors 

ments Furniture 

Brushes 

Walnut. — Black walnut is the most costly wood native to Ohio. 
Most of the available lar^re trees liave been cut, and the future 
supply must come lai'jrely from "second growth" — that is young 
irvv'^ which w ill ui'ow up about farms and in the woods, as well as 
those planted in woodlots. The dark color of tlie heai'twood g^ives 
the tree its name. The sapwood is white and not nearly as valuable 
as the heart. It should be remembered by those having- walnut 
trees to sell that it is the heartwood which is valuable and that the 



Digrtized by Google 



V 



€6 OHIO EXPERIMENT STATION: BULLETIN 302 

heart forms slowly. A tree must he of considerable size and age 
before the heart is sufficiently deveiopeii to be worth much as 
lumber. Black walnut is not ponorally highly figured, but often the 
junction of roots with the trunk, crotches and burls yield fine fipfures 
from which is cut the best of veneer. The average price for black 
walnut lumber is about $40. Much walnut is shipped in the log to 
veneer mills or for export trade and does not pass through the saw- 
mills. Large logs cut from old mature trees frequently bring ^75 
to $100 per thousand feet. 

PRINCIPAL USES OP BLACK WALNUT 

Planing-mill products Musical instruments 

Vehicles and vchirlr parts Furniture 

Sash, doors, blinds and g^heral Bungs and faucets 

mill work Caskets and coffins 

Machine construction Fixtures 

FlurnhfTs" woodwork Car construction 

Sycamore. — Sycamore is found along l)anks of rivers and 
streams and along the edges of swamps and lowlands throughout 
Ohio, but is not an im]t(n'tant tree commercially. Forme»*ly it was 
used almost entirely for butcher blocks and linmg for refrigerators, 
but now the largest demand is for veneer in built-up lumber. 
Quarter-sawed sycamore has a striking grain and is growing in 
popularity, being used largely for making sewing machine tables, 
* cabinet work, furniture and interior finish. The trunk of this tree 
often attains an enormous size, but those more than 3 feet in diam- 
eter are generally hollow. 

The average price for sycamore is about $16, but it frequently 
brings considerably more for some special use. 

PRINCIPAL USES or SYCAMOEE 

Planing-mill products Boxes and crates 

Agricultural implements Sash, doors, blinds and general 

Musical instruments f^iHl work 

Furniture Refrigerators an<i kitchen cabinets 

Vehicles and vehicle parts Brushes 

Cottonwood.-^wing to the difficulty in seasoninff cottonwood, 
it is better adapted for veneer than lumber. In trade two classes 
of cottonwood lumber, yellow and white, are often distinguished. 
The former refers to the heartwood and the latter to the lights 
colored sapwood. Cottonwood lumber has qualities similar to bass- 
wood and yellow poplar and is often used as a substitute for these 
higher-priced woods. In the form of veneer it is used largely by 
the manufacturers of built-up lumber which is used for trunks, 
vehicle bodies, drawer bottoms, veneer boxes, etc. A large quantity 
of cottonwood is used for making boxes and crates. There is an 
increasing: demand for cottonwood in the form of cordwood to be 
used in making paper pulp, and since it is an exceedingly rapid 
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growing tree, easy to propagate and can be made to utilize waste 
places along streams and lowlands, it offers a favorable opportunity 
in many localities for commercial planting. The average price of 
Cottonwood lumber is about $16 a thousand feet. 

PBmOIPAL USES FOB COTTONWOOD 

Boxes and crates Agricultural instruments 

Vehicles and vehicle parts Car construction 

TManing-mill products Sash, doors, blinds and general 
Fixtures mill work 

Laundry appliances Refrigerators and kitchen cabinets 

Dairymen's, poultrymm's and Trynks and valises 

apiarists' supplies Paper pulp 

Black cherry. — Several sixjcies of cheiTy are found in Ohio, but 
only one, the black or wild cherry, is important as a timber tree. 
Black cheny is one of America's finest cabinet woods. Its princi- 
pal demand has always been for furniture, finish and trimming. It 
holds its shape well and works easily, which, together with its other 
excellent qualities, make it a favorite with the manufacturers of 
elect i (>t.\ pe backing and account for its demand by makers of musi- 
cal instruments, electrical appliances, etc. The forest-grown tree 
usually develops a long trunk free from limbs and knots, but trees 
growing in the open generally have too many limbs to Ije valuable 
for timber. Like other valual)le trees, cherry is usually not present 
in sufficient amounts to enable the wooiilot owner to market it to 
the best advauiage. Tliu average price is about $25 per thousand 
feet, with good cleai- lumber briri;j,nig 5^50 and better. 

PRINCIPAL USES FOE BLACK CHEEBY 

Car construction " Musical instruments 

Machine construction Furniture 

Sash, doors, blinds and general Plumhers' woodwork 

mill woxk Ship and boat building 

Fixtures Vehicles and vehicle parts 

Planing-mill products 

Table TX shows approximately the amount of material cut by 
Ohio sawmills in 1913 from each of our principal timber trees. 

TABLB IX.— OHIO TIMBER PRODUCTION IN 1913 
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COOPERATIVE MARKETING 

Farmers may well mtereat themselves in the question of com- 
munity cooperation in the marketing of their woodlot products. 
There is in Ohio more than 4,500,000 acres of woodland. Fully 
3,000,000 acres of this is in farm woodlots. With an averasre stand 
of only 3,000 board feet to the acre, these farm woodlots contain 
9,000,000,000 board feet of lumber. Surely marketing the yield 
from our farm woodlots is a problem of importance. The farmers 
who own this timber want to make the most of it. 

Many owners now feel that it is less important for them to learn 
how to make their woodlots yield greater crops of timber than it is 
to learn how to be sure of getting what their timber crop is worth. 
Generally the owner is not in a position to harvest and market his 
own timber. Lumbering is a business which requires expensive 
machinery, efficient operation, a knowledge of markets and ability 
to dispose of the product advanta^reously. The competition among 
local buyers and mill men is seldom active enough to aflord the 
ownei- mucii prf)tection against a losing bargain if he disposes of 
his timlx?r on the stump. 

A lumbering operation in the avera;re fann woodlot is not on 
suiriciently larjrc scale nor 18 the work done with adequate e(|uip- 
ment to enable the owner to get their true value for his i)roducts. 
Tlie oi'dinary portable-sawmill operation is likely to produce boards, 
or dimension material of uneven thickness. Various sorts of lum- 
ber may be sawed in such a nuumer as to make grading and sorting 
for market almost impossible. A purchaser receiving a shipnient 
of this sort finds it iiighly unsatisfactory compared with the stand- 
ardized pjoduct of the large mills. The woodlot frequently con- 
tains different kinds of wood each of which would be quite \ alualjle 
if it were present in sufficient quantity to be marketed ad\ antage- 
ously, but due to the limited quantity present must be disposed of at 
a greatly reduced figure. These facts have caused many woodlot 
owners to wonder if by collective barjiaiaing they cannot be aljle 
to secure decidedly better terms than when each sells independently 
of the rest. 

The cooperative marketing of timber presents niany of the 
same difficulties which are encountered when farmeis organize to 
market other farm crops. But unlike most othei- fai ni crops, the 
timber crop need not be marketed in a hurry. Plenty of time may 
be used to investigate markets and determine what it should bring. 
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An association of farmers holding sufficient forest land to make 
a good working forest would be in a position to market a high-grade 
product and dispose of their timber to much greater advantage than 
they could do as individuals. Material demanded for special uses 
and bringing a high price could be harvested and marketed in car- 
load lots. Such cooperation would permit of the best class of 
portable-mill operation, insure better utilisation and should result 
in better prices to the owners of stumpage. 

Such an association could secure the services of a traiped for- 
ester who would act as advisor in the matter of lumbering- and mar- 
keting, and who couki also outline proper plans of woodlot manage- 
ment based on localized conditions. It must be recognized that a 
full utilization of the productive value of the farm woodlot can come 
only after those forestry principles intended to make the woodlot 
produce timber of the highest quality possible have been adopted 
and put into practice. 

More and more it is^oinjr to pay the farmer to liave hig:h-grade 
woodlot products to market; and in order that the ai-ea devoted to 
the g-rowin<j of timber may be prodiicinir the greatest amount ik>s- 
sible of those kinds of wood that are most salable in his particular 
region, it must l)e manager! and cared for according to the recog- 
nized ] rinciples of foi-estry. 

Under such a system of cooi)eration which would include not 
only tlie harvesting and marketing of the woodlot products but also 
placin<: the woodlot under a sound plan of farm management much 
of good should come to Ohio woodlot owners. 
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AIM. 

Lack of familiarity with the business of timber selling usually puts 
Uie owner of a small woodland at a disachnntape. and in many 
regions material from the wcH)dl()t is sold for coiisideniltly less than 
its real value. The loss to the farmers is, in tho a«r^re<;ate, very 
large. In order to stop this loss, it is necessary that the farmer in- 
form himself about the different kinds and grades of woodlot 
products, the methods of estimating and measuring them and ascer- 
taining their value, the methods of selling, the markets, and the cur- 
rent market prices. Especially does he need reliable information 
about the amount and real value of his standing timber and the loca - 
tion of good markets. It is the aim of this bulletin to assist wood- 
lot owners in getting information of this kind, so that they may 
market their woodlot products at iw'w {)rices.- 

PRIXCIPAL WOODLOT PRODUCTS. 

LOGS. 

Many wood-manufacturing industries obtain their raw material 
in the form of logs and bolts. Logs may be sold by sizes and grades 

* Mr. BnrrowB'g contrlbatlon dealg with the Riibject of measnrlng. and is found on pp. 12 

to 'Zfi. Inclusive. 

* Information In regard to the best mcthoda of improving and growing timber In the farm 
woodlot Is given In Farmers' Bolletln 711, " The Care and Improvement of the Woodlot" 

25750'— Bull. 715—10 1 
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or without classification by the lot Selling " log run " is simple and 
direct, but offers good opportunity for speculation, usually to the 
advantage of the buyer, whose knowledge of timbw is better than 
that 6f the seller. The method is advisable only after the owner has 
made a careful estimate of the amount and quality of the standing 
timber. Selling by sizes and grades, when these are defined in the 
contract, often results in larger money returns. 

The quality of a log dep^ds upon its dimensions and grade. Logs 
are in sported for the number and character of standard defects, which 
determine the grade, and are measured by taking the length and the 
average diameter at the small end* Large logs are more valuable 
than small ones of the same grade. 

For example: In one market medium-grade 10-foot red-oak logs 
from 16 to 30 inches in diameter were worth $19 per 1,000 feet; 
logs from 'H to 30 inches in diameter, $23: and Inprs 37 inches and 
over in diuiiietur, $25. Logs with only slight defects or none were 
worth from $Q to $10 more, and logs with more defects were worth 
from $8 to $5 less than these prices. 

The grade of a log depends upon the number and character of its 
defects: Among those recognized by the lumberman as standard are 
knots, rot, shakes, season checks, fhMSt cracks, sun scald, fire scars, 

seams, wormholes, stain, spiral or crooked grain, eat faces, and crook 
in the log. Standard grading rules may be applied to all species col* 
lectively for the purjjoses of rough grading, but usually there are 
different specifications for different species. In general, grading is 
more common and the number of grades larger for the more valuable 
woods than for tlie inferior kinds of timber. 

Unfortunately, there are no standard specifications for log grades. 
Kough local grades are in quite jreneral nso. but are not defined. 
Th(»v nre of only liinitod aid to the seller because they are subject 
to (litlVrcnc'i's of inter[)rt't;itioii. 

The adoption I'V sniiu' acknowledged authority and the recognition 
throii'zliout a State or reirion of a few standard grades and si/rs 
for loi;s of various kinds of trees would be of very ^rreat assistance 
in the marketing td" wnodlot tinilier. It would afford common 
ground on which buyer and seller niiglit meet.* Some of the various 
luniher manufacturers' associations publish specifications for the 
gradinir of logs of the more important trees, copies of whidi are 
availal'le upon application to the secretaries. 

Three rough grades are in use in many parts of the eastern United 
{States. These are commonly known as "No. l,"'**No. 2," and 

t There in aa opportunity for tbe Taiioas State forestry organisations la cooperation 
with tnmb^r assocfntlons to worii tor the adoptkw of standaFd tog gndea In their States. 

I 

/ 
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"No. 3/' or as '*good," "common," and "cull." In some regions 
a No. 1 log must cut its full scale in No. 1 common lumber or better, a 
No. 2 log must saw out two-thirds of the scale in No. 1 conmion or bet- 
ter, and a No. 3 log must cut one-half of its scale in No. 2 common 
with a little of the better grades. T\^'o small limb knots are allowed 
in a No. 1 log, but two large knots or body knots make it a No. 2 
grade, and if tliey occur at each end, a cull log. Exterior checking 
and shallow cait faces are not defects, since they go into the slab only. 

In practice, the second grade sells for about two-thirds and the 
third grade for about one-half, or less, the price of the first grade. 
In some localities onl}' two grades are used. 

Other forms of grading used in different regions are: Grade No. 
1, logs 10 inches and over in diameter with surface and ends clear 




F-MITt-A 

Flu. 1.— llich-yii'ude lops from ftirtn woodlots, such as thetw:. can be profltubly shipped 
by rail to outxido markets. (White onk. ypllow poplar, aHh, and l>as8wood.) 



of defect, and sap w(K)d bright in color: grade No. 2, logs having not 
more than tiiree standard tlefects, or slightly wormy; and grade No. 
3, logs fivlling Ik'Iow the No. 2 grade, chiefly because of worm and 
rot defects.* 

' The veneer industry secures most of its raw product in the form 
of logs and flitches (large-sized pieces sawed from logs). Both are 
sold by the thousand board feet. The specifications are not uniform. 
The essential j)<>ints refer to the species, the size of the logs, and the 
grade of tlie wood. Diameters for hardwoods run mostly from 14 
inches up, and hMigths from 6 to 16 feet. Logs must be cut 4 inches 
over the specified length to allow for trimming. The rules for yellow 
poplar given beh>w - will serve as an illustration of the manner of 
grading, although to make the specifications complete the defects 
would have to be defined. Very few logs meet the rejjuirements of 

» Thp Natlnnnl Ilnrdwood MnnufnrturorB* AMocintion of tho TnltPd Stnton. rinclnnatl, 
Ohio, Ibbiios crnditiK spivlHrnllonH for trrndos of lo)j8 for Bovcral kindf* of wood. 

' bpfcillvutioUM from (urthcomltii; Imllt-tln. "The VvDeer Industry In the United States.** 
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the No. 1 grade, and the buyer exercises discretion in departing more 
or less from this standard. 

No. 1 yellow poplar Tinisr bo stralprht-grained and free from knotj;. cnt 
faces, wiiiil-shnkps. rotUn ceutiT, doiihle hearts, hearts grown to one side, iiiul 
other ileftx tH. These speclUcatious ai»i>ly to logs up to and iueludiug 12 feet 
In length ; logs 14 feet and 16 feet long mer have one defect not over 6 Inchea 
In diameter; logs over 16 feet long nwy bave two defects not over 6 inches In 
diameter : also a loR may have a hole In the center not greater than one-flfth 
of the diameter of tlu^ hv^. 

No. 2 yellow iM>i>lar logs must be the same as No. 1/ except they may have 
defects not to exceed ene-thlrd of the drcumfnenoe. 

Call logs are those that grade poorer than No. 2. 

Logs will commaiKl full price when freshly cut, hut logs that have suffered 
from exposure are not <l<-;iT:ihl«' timler any cimimstnnr^ and will at no time 
bring any hut low prkes. Diuuieters will he taken thi* small way across the 
amall end and the coateuts scaled by the log rule agreed upon. 

WEIGHT. 

A knowledge of the average AvtM«:lits of logs of different species in 
a green and a dry state is: useful in calcidating the eost <»[ handling 
the material and making shipments by rail. Table 1 shows these 
weights for logs, bolts, cordwood, and rough lumber. 

Table 1. — Approximate weights of variaui tcoodlot products.^ 
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BOLTS AND BILLETS. 

Bolts are short sections of logs. Billets are obtained by halving, 
quartering, or otherwise splitting or sawing bolts lengthwise. The 
split pieces of cordwood are good examples of billets. Sawed billets 
include flitches, squares, and other forms of partly manufactured 
products. Because splitting causes a great deal of waste, it has 
l)een largely superseded by sawing. For example, a cord of average- 
sized hickory bolts that will yield only about 700 rived spoke billets 
may be sawed into 900 billets. Bolts and billets are used for cooper- 
age, wood pulp, excelsior, wooden ware (pails and tubs), handles, 
vehicle parts, some agricultural implements, fruit and vegetable 
packages, athletic goods, pencils, etc. 




r-i wttM 

Vxii. 2. — Stave bolls and btlleta of white and red oak, eut 30 inchoii tu muke n4-lnch 

staves. 



Cooperage plants consume very larm> ouantitios of ni:itorial which 
comes from the woods in the form of bolts and billets. Wood pulp 
is made from pieces of many shapes and sizes. Much of the raw 
material used by the handle and wagon- wheel industries is ash and 
hickory bolts and billets, the hickoi-y going into ax and hammer 
handles and wagon spokes and the ash into hoe, rake, and shovel 
handles. 

Bolts are measured and sold by the cord, by linear feet, and by 
board feet. If they are 12 inches or over in diameter, they are usually 
sold by board measure. Billets are frequently sold by the piece or 
count, particularly if sawed and of uniform size, or are stacked and 
measured in cords, either standard or short cords of specified width. 
Table 2 gives the weight per stack of bolts of different kinds of wood 
and of different lengths and diameters. 

The grades and specifications used in slack cooperage are very 
numerous, but the forms and (puilities for tight-c(M)perage stock, in- 
cluding staves, hoops, and heading, are nuich restricted. Specifica- 
tions refer to the species, length, width, thickness, and soundness of 
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tiiiil)er. The white oaks are practically the only woods used in 
the manufacture of tight cooperage; but many different kinds of 
wood may be made into barrels for flour, snipir, vegetables, salt, 
cement, lime. etc. One i-epresentative speciiication for stave bolto 
for tight cooperage reads: 

Stave bolts must l)e made from sound white or post oak ; must measure 4 
iucbes and up f ruui luside of sap to heart edge ; uiunt be free frt>iu worm lioles, 
Beaaon diAckBk knoti, 8liak«, and dote; and most be fall S7 inehea looc; aawed 
aquare on end to equalize SO incbea.* 

For handle stock, the specifications call for second growth, straight, 
sound bolts or billets of specified length. Ash bolts for farm-tool 
handles are mostly from 80 to 60 inches in length. For hammer, ax, 
and other handles, hickory is bought under similar conditions but in- 
cluding shorter lengths. Material which is inferior to that called 
for is frequently accepted, especially when the users are in urgent 
need of supplies. 

Tabim 2,—Appro3timate weiffM* per 9taek of botte» green and 4rw, o/ differeni 
ieind9 of wood and of different Icnfftha and diameters. 
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4,400 


4.800 






13 


2, 100 


2,500 


2,900 


3, JOO 


3,700 


4, 100 


4,500 


4,900 




























6 


3.500 


4.200 


4,900 


5,000 


«,3Q0 


",ono 


7,700 


8,400 


ftia 




9 


3,700 


4.400 


5.100 


5,900 


6,600 


7.W) 


8, 100 








12 


3.SO0 


4,500 


6,300 


6,100 


6, SOO 


7,flOO 


H. too 


ini) 








2, 


^. m 


4,000 


4,.'>(J0 


5, 100 


5,70ft 


1'. '200 


>\, S()0 




'J 


:< iM) 


J.fiOO 


4,100 


4,700 


5,300 


5, 90<t 


'"Ol 


7, KX) 






12 


3,100 


3,700 


4,300 


4,000 


6,500 


8.100 


6,700 


7,aoo 





Stacks arc 4 fMt in height by 8 feet lon^, ni:i'li> up of holtsofdifTcrpnt sixes. Bolts 4 tt^i l«|gnika« 
■taodard card, while shorter leoRths make "short i(ir<l:>," unU longer leo^'th.s n cord aud over. 



^ Tentative specifications by the Forest Service for miles on National Forests In Arkansas. 
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POLES. 

Chestnut and eastern white cedar furnish the bulk of the eastern 
pole timber. Specifications for chestnut poles generally require ma- 
terial to be of the beist quality second-growth live chestnut (cut dur- 
ing the winter), of specified dimensions, butt cut, squared at both 
ends, reasonably straight, well proportioned from tip to butt, peeled, 
and with knots trimmed close. Defects looked for in insx>ection are 
crookedness, split tops and butts, sap and butt rot, checks, and 
shakes. Poles are assigned to two or three classes, according to their 
length, top circumference, and circumference measured at 0 feet 
from the butt. Poles of the 40-fo<)t class, for example, are required 
by one representative pole company to be '21 inthes in top circumfer- 
ence* and 48 inches in biisjil circumference, wliile sccontl-class polos 
of the same length measure only 22 and 10 inches, respectively, at tiie 
two points. 

Tlie dimension.*? shown in Table 3 for classes A, B, and C, with 
only slight modifications, are used by most telegraph and railroad 
companies and other purchasers of poles. The corresponding cubic 
contents and weights shown will be useful in making shipments. The 
fibres are too low by from 10 to 20 per cent for full-bodied trees 
with small butt swell and likewise too high for trees with a marked 
basal swell. 

As poles season thev become li*rhter and in one year lose about 20 
per cent of their weight when green. Table 4 shows the loss in 
weight in chestnut poles due to seasoning for montlily periods up 

to 15 months. To determine the approximate weight of chestnut 
poles after partial sea.s()nin<r, ai)ply tlie p«Mrentage of loss in weight 
shown 'n\ Table 4 to tlie green weight in Table 3. 



Tablx 8. — Afiprom$nate teetght* of ffreen ehettmut potra of different afset,' 

CLASS A. 





CimuufAmtce. 




^'ollJ^lf<. 




Top. 


bott. 






t; fi'ft 
tnuu 
butt 


JHUt. 


Hut. 


/tr<A(.». 








huh". 


/fli hi -\ 


< u . }' . 


l'<ni ud<:. 




21 






7. 0 


12, 7 


v\.- 


'i 0 


1, I'll 


M. 


Jl 


»;i 


u> 


7. U 


7 




2i. 0 


1 , »:u) 





21 


-I,') 


4s 


7 t> 


11, 1 


1,-. H 


:{l. % 


l,7;ui 




24 


4H 


fil 


7. *■ 


l.\ :i 


in, 2 


. '.t 1 


2. l.M) 




34 


51 


M 


7. r» 


K.. 2 


17 2 


■17, ."i 


2, till! 


n. 


72 






7. 0 


17. 2 


Is, 




nil 


•l'I^. 


2"2 


■'►7 


<>i 


7. u 


Is 1 


V.r \ 


*;7, 1) 






32 






7 0 


hi 1 


2<i, 1 


7<<, 1 


l,.57l> 




22 


«>:; 


<'>7 


7. (1 


211, 1 


21. ,1 


in, 1 


1:^1 


3*.-.... 


22 




7i> 


7, i> 


21.0 


')•> 


UC, i> 


ry.'r^) 




» 


70 


71 


7. it 


'22. a 


n. (> 


127. 1 


7.(111) 




22 


73 


7s 


7.0 






Wo. K 


J>,WJO 




2» 


7» 


»l 


7.0 


34.2 


2Ska 


1«\9 


«,!» 



t Equivalent to 7.0 inches in diMiwlcr. 

> BiMsoontom tostandanl s|>«cifle«timu«f tfae N«tioiMl ElMtrie Uj^t AmodMaa. 
* BiMd oiB ft wdght of W pouDidB per cubic foot. 
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Table 3. — ApproJtimate xreiyUtH of orven chestnut polca of different Hze9 — 

Oontioued. 

CLASS B. 





CIraiuiifaniio*. 


DJuwtw. 


Volutnfl. 




Too. 


from 
buU. 


Batt. 


Top. 


6 foot 

ifom 


Butt. 




Jnchff. 


incntf. 


7 ncnfn . 




Incho. 




. — 

/^.* ft 

\ U./i. 




30.. 




H(i 


;is 


I'. 


11. 5 


12. 1 




010 


15 


72 


10 


42 




12. 7 


n. 4 


22.2 


1,230 


<0 


'S2 


l.i 


4»1 


7. 0 


1 i. 7 


H.H 


2!\ 5 


i,.>:o 


45 - 


22 


47 


,00 


7.0 


l.O.O 


l.\9 


.%9 


2,U30 




22 


,V) 


M 


7.0 


i:.. 9 


Iti.y 


4.V0 


2, JHf) 


&S 


•J2 


r.i 


:,7 


7.0 


16.9 


IH. I 


.■V4.7 


3,010 


60 


22 




60 


7.0 


17. S 


lU. 1 


Oil 


a,^ 


«& 


23 


fiO 


«S 


7.0 


18.8 


jai 


77. S 


4,90 




S2 


«2 


«7 


7,0 


Vkl 




«ll 


4.M> 


7» 


» 


flB 


7D 


7.0 


9017 


21.1 


lots 


BkTIQ 


8D 


22 


<» 


74 


7.0 


32.0 


2L» 




tR„ IRS) 


8ft 


23 


72 


7S 


7.0 


22.9 


24.8 


142.1 


7,820 


90 


'I'l 


75 


M 


7.0 


21.0 


2o.S 


162.2 


S,'J3U 



CLASS C. 



» 


20 


33 


ss 


..4 


10. & 


11.1 


13.7 


750 




20 




as 


6.4 


11.5 


IZ 1 


1&3 


1,010 


10. 


30 


40 


43 


6.4 


1X7 


13.4 


34.4 


1,S40 




20 


43 


46 


6.4 


U.7 


116 


aao 


1,700 


so 


ao 


46 


40 


6.4 


14.6 


15.6 


3a.o 


2,000 


M. 


90 


40 


O 


44 


uo 


IfliO 


41,7 





Table ^.—Weights of vhc»tnui poles during seasoning, expressed in per cent of 
green wetifht, for polet cut <f» the different eeoMm.* 



Diiratioo 
otmy- 





Season when cut. 


I 


Durntion 




Season when oat. 






























of sea- 










Sprinc. 




Antttm. 


Winter. 1 


soning. 


Rprlnc. 




Avtaaw. 




Prr cent. 


PcreaU. 


Percent. 


Per cent. 




Per cent. 


Per cent. 


Per cent. 


Prr rent. 


100 


luo 


100 


100 


8 


83 


85 


85 


S» 


94 


93 


96 


98 


9 


83 


8." 




81 


90 


89 


94 


95 


10 


83 


84 


83 


80 


87 


88 


03 


03 


11 


82 


83 


82 


79 


R6 


87 


!>2 


90 


12 . 


81 


83 


81 


79 


S5 


87 


Dl 


88 


13 . .. 


80 


81 


80 


79 




Si\ 


89 


85 


H 


SO 


80 


79 


78 


S3 


S6 


87 


84 


15 


79 


79 


79 


78 



\ i Pirnil ir l(Vl, So*. 



1 Bx^^d on weights rpiv>rt«<l for 600 poles otit In Thnrndalo, Ta. (Seo Forest - 
8ouiu|{o{T«»lephotio an i Ti^lp^ph Polas, p. 11: also, BuUeUn84, Preservative TM'.;uiut ia of I'oIps 

Appan-nt Irri'i'iiLiriitc-i, like thn ncrii'Tiiiip^s .sIiowti fur the oiphth to tenth nionltis in the loUiiiiu 
"Spring" uud the li(t««nth muutn under "Autumn " aru saemingly due to local coodiUous in relatiy* 
Imiiiidtiy ill Uw atmaipliBn. 

PIUNG. 

The cla.'^.'-ification or prmdinfj of pilin*:; depcnd.s larj^ely upon its 
^vhether in fresh wattr, .^alt water, or on hind, and uixin its form 
and size. Very often the kind of wood is not specified, and the re- 
quirements refiT to strairrhtiies.^, lengrth, and butt dinnioter niea.sured 
3 feet from tlio cod. Sj^erification.s are sometimes rather )»rief and 
pi tuple, and piling tliun becomos one r »f tlie easiest classes of timlier to 
^'rade for the market. Trnportant construction work often calls for 
specifications more or less similar to the following.* 

All pillfif; Rlinll bo ntt from «»onn(l, live trees of slow jrrowtb and firm ffrnin, 
uiiU £rve from ring hvurt. wiuU-shak4»), decay, large or unsouial knots, or any 

> B«Md opon ttandAfd ppectflcatlona of The X^ama Caiial. 
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Other deMs that will hnpair thetr strength or durability. The trees shall be 

butt cut above the ground swell, and shall taper uniformly from butt to tip. 
Piles shnll bo so straight that the line Joining tbo centers of tli<' ends will fall 
entirely within the pile, and that In tiie opinion of the inspector tbey can be 
subjected to bard drlvlag without injury. 'So short or reverse bends will be 
allotred. Bark shall be peeled from the entire toigth of all piles, and all knots 
shnll be trimmed close. No pile will be accepted with a top niciisurlnfr U'ss than 
6 Inches diameter. The allowable dlaniotor shall be oh follows : Butts of piles 
under 30 feet In length to be from 12 to IG inches, and butts of piles from 30 
to 50 feet In length to be from 12 to 18 inches. 

Piling is sold at a stated price per linear foot for specified dimen- 
sions and kinds of wood. The price increases rapidly with increase 
in length and in desirabilit}^ of form or taper, llundlini!: and trans- 
portation costs are large because of the heavy weight oi' .sLu ks of this 
size. Table 5 shows the ap[)roxiiiiate weijjht of piling of diflerent 
sizes and of different kinds of wood in both green and dry condition. 

Table 6. — Approrimntc wciphts of piVwn nf different »i:c8, ffreen and tffif, /or 
different kind* of wootT, aUtv u ciyht per cubic foot of each. 









SoflRrflH^Uu 










Onsn. 


AJr-dry. 


Wtight-^toooiiii. 


fM. 

«. 

«. 


010 
T70 
VJO 

I . 

1,780 
l.M) 


470 

7(10 
SJ) 
l.L'OO 

1,:M0 
1,SQ0 


f>10 
770 
V20 
l.OSO 
1 , .VJO 
1,7W 

i,m 


440 

.V.0 

770 
1. 110 
1,280 


MO 
tilK) 
S-JO 
WO 
1.410 

t,««o 

1,730 


m 

e-io 
::o 

1,100 
1,340 



\Ve%hts per cubic /o<>< iis<hI .iIx>v«»— pmtnd-^ 



a.7 



46LO 



«3.6 



47.« 



U.9 



43.4 





Cliartiiot, 




BlMksiuii- 


u iLhtop 
diuMtcr 
0(8". 






Grtteu, 


1 Air-drj'. 




Air-fity. 


Wdj^t— pwiiKlir. 


reef. 


,>i(i 
<>:() 
xio 
<>»o 

1,730 


.TO 

.'1) 

TtU) 
990 


<piK) 


:un 

-l.!(> 
.MO 

vy) 


■fto 

.'."■.1) 
im 

770 

1. 

1,1'70 
1,410 




I'lr rr t\t. 
I V :t 
!."> -1 
!.-.($ 
IV 7 
J.'.l 
11. ii 
1X« 




1 

.■>.J0 
(i.O 

«v:o 
i,<m 
1,140 




TH) 
M(i 
1 , -'^W 

1,540 


WeighUt IKT cubic loot ua**! abo\o — patmda. 


M.8 


30.2 




94. « 


«.7 







Top diameter, 6 ioch^; butt diameter, 12 luetics for piUng 20 to 35 feet InclosiTe; HlncbesiorpUlof 40 
to nieeC Inclusive. 

2S7G0*->BiiU. 716— K 
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CROSSTIES. 

Tho specifications for railroad tics in most rases are for sound 
tinil)er of <rood quality. strii)pod of Imrk. and free from imperfections 
that would impair tlieir strenfrth and durability, such a^ shakes and 
loose or decayed knots. The ties must be sawed or heweci inn ith on 
two parallel faces, and the ends must he cut square. Pole lies are 
made of round timber on which are hewed two parallel faces; square 
tics are iievved or sawed into rectangidar shape. 

Ties are clas^sifietl areordini]: to the species of wood, on the basis of 
its wearing and lasting qualities and need for preservative tn*at- 
nient. They are further chussificd into two or more grades, depend- 
ing upon their thickness and width of face. • 

Class A ties eonhist of the more durabie woods, and generally in- 
clude white oaks, black walnut, black cherry, chestnut, sassafras, 
and red mulberry. Class B is made iir> of such woods as red oaks, 
beech, hi< kories. maples, sycamores, black gum, elms, and several 
others of the less durable woods rcqiuring preservative treatment 
before using. Standard ties are eillier 8 or 8^ feet in length. No. 
1 ties, for example, on soane railroad schedules, if they are sawed 
ties, must be 7 inches thick by 8 inches wide on the face; if hewed on 
all sides or sawed on the faces, thc}^ must be 7 inches thick and not 
less than 7 inches nor more than 1_' inelies wide at any place on the 
face. No. 2 ties are between 6 and 0 inches thick and not less than 
G inches wide on the face. Variations in length of 1 inch under or 2 
inches over the specifications and in thickness of } inch under or 1 
inch over are allowed by many purchasers. Mine ties rim from 8 
to 0 feet in length and down to 4 by G inches in cross dimensions. 

Prices are exceedingly variable in different parts of the country, 

depending upon the kind of wood, size, grade, and distance of the 
producing point from the larger trunk-line railroads. In middle 
Tennessee, for example, farmers receive from 40 to 50 cents for 
class A white oak tics of large size delivered along the track, while 
in Ohio a similar tic nets the farmer from 00 to 70 cents. Chestnut 
ties of the largest size bring about 70 cents each in New England. 

MINE TIMBERS. 

The Jdnds and forms of timbers in demand for mines are many, 
and, as a rule, many kinds of wood are nsidile. 1 he principal forms 
of round or rough material, other than lumber, follow : 

Mine props are round timbers used as main supports for the roof 
and sides of tunnels: in diameter they vary from 4 to 14 inches, and 
in length mostly from 3 to 12 feet. For chestnut, prices are from 1 
to 2 cents per linear foot ot the mines in Pennsylvania. 

Lagging is round timlier about 3 inches in diameter and 7 feet in 
lengtli, used to fdl in behind the juops and caps to form the sides 
and roofing of the tunnel-. Bars are extra long lagging. The mines 
in Pemisylvania psxy about H cents apiece for lagging. 

Caps are hewed or sawed pieces of timber of ditfcrent sizes laid 
across the tops of pairs of props as a support for the roof lagging, 
which runs lengthwise of the tunnel. 
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Sills as foiintlation for props are from 8 to 14 inches in diameter. 
Altlu)ii|2h tliese are often of sawed material, square hewed timbei-s 
are much used. 

Mine ties, including? tramroad, motor, and headinjr tics, are or- 
dinary track ties, 4 inches on the face and varying in length mostly 
from '.\ to r> feet. 

Kough lumU'r got»s into mine rail.s, collar timliers, brattice or par- 
tition boards, stringers, and sills. 

Prices for round or hewed timber's in the Pennsylvania coal regions 
range mostly fi'om 1 to 4 cents per linear foot, depending upon 
diameter; the larger sizes, above 8 inches, are commonly sold by log 
scale at prices of from $8 to $14 per thousand board feet. 

CORDWOOD. 

Any kin<l of wood measured bv the cord and in the form of either 

ft- ft.' 

round or split sticks is called cordwond. Firewood is measured in 




F-UMI-A 



Fio. 3. — ("hesinut wood jiud chostnul-oak bark at an acid or extract plant. (The wood 
Is worth from f-i to ^5 per cord at the factory, and the bark from $8 to $10 per 
cord. ) 

standard cords,, mostly of 4-foot lengths,* or short cords of stove 
wo(k1 and other material varying from 12 to '20 inches in length. 
Materials for distillation, extract wood, excelsior, pul]>, handles, 
cooperage, and woodenware are frequently sold by the rick or cord. 
The lengths vary mostly from 22 inches for heading to 5 feet for 
extract and handle stock. Specifications, if given, refer to the kind 
of wood, length, average size of the pieces, wbether split or round, 
general soundness, body or lintbwood, and degree of dryness. ' 

LUMBER. 

Specifications for lumber deal witli quality and size, in addition 
to kind of wood. Very many wood-manufacturing concerns are now 
buying their rough stock lwini)er by grade and dimension where 
formerly they took the " mill-run product, or the lumber as it came 

* For 8izc and contents of standard cord, see p. 16. 
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from the saw witliout BOiting and classifying. It is not the pur- 
pose of this bulletin to tako up in detail the subject of grading, 
because it is rather complicated. Four grades of rough lumber are 
generally recognized, as follows; First and seconds, a general term 
for the highest grade: No. 1 common; No. 2 common; and No. 3 
COnmion, or culls. The basis for grading is the quality of the lum- 
ber as determined by the number and size of standard defects, such 
as knots, shake, wormholes, dote, and stain; also by the width of 
the piece. As lumber becomes more valuable, particularly the fin- 
ished product, the number of «rra(les greatly increases. In the hitn- 
ber market grades have been more or U'ss stanihirdized for each spe- 
cies by til*' various mnnufacturing associations, from which copies 
of gradiiiii rules may lie (»l>tained at a few cents cnch. 

UNITS USED IN THE MEASUREMENT OF TIMBER. 

The woodlot owner should be familiar with the \ ;irious units 
of measure used in the sale of wooil, .so that he may be able to nuike 
an estimate of his standing trees and to measure or scale the timber 
after it is cut. In regard to his ordinary field crops he is well 
informed. He knows that hay is sold by the ton, and he can esti- 
mate how many tons the «rrass on a certain field will produce; or. 
if lie lias the hav in n barn, lie can calculate how many tons there 
are in a mow of a ccitain size. He can estimate the amount of his 
com or wheat in a 'similar manner, because he deals with the.se crops 
every year. TiuiIm r, howevei-, may be sold from a woodlot only 
once in n «:eiu*i ai ion. It is natural that the farmer, not lieing as 
familiar with timber measurements as he is with those relating to 
other crops, should rely on tlie estimates of the buyer, who, oh\ louiily, 
is careful to see that his own intere.*^ts are protected. What the 
fariiR i needs, tiien. is a guide to which he can refer when he is con- 
sidering selling some of the products of his woodlot. 

Wood is sold in a number of different units. The amount may 
be measured in board feet, in cords, or it may be sold by the piece 
in the form of ties, poles, posts, or other products. In the latter 
case it is comparatively easy to determine, if one has the specific 
cations, just which pieces of wood fulfill the requirements; but when 
logs are sold in the round it is not easy to determine how many 
board feet are contained in each log. . 

To enable one to estimate the number of board feet in logs of 
different sizes log rules are used. A log rule is a statement, either 
in the form of a printed table or burnt upon a measuring stick, of 
the estimated number of board feet of lumber which can be sawed 
from loL'^s of various lengths and diameters. There are over 40 
different lo^r rules in use, and the values assigned to logs of the 
same size by different rules vary considerably. In some States one 
rule has been made the l^gal rule and must be used when no log 
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rule ia qiecified in contracts for aelling logs, althou^ if buyer and 
seller can agree to use a different rule no objection is made. In 
other States, however, it is illegal to use any other rule than the 
statute rule. 

The number of board feet in a log 12 inches in diameter by 16 feet 
in length, scaled by the different rules, ranges from G2 to 112 board 
feet. This is a Mtge variation. If the s^er had tlie choice of a 
rule for measuring logs of this size, he would naturally select the 
one which gave a large vulue; iind the buyer would, of course, prefer 
the rule which gave a small value. 

Table 6. — ComparUon of log rules. 
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870 
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750 
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> The Tiemnnn rale Is a ^nod standard for nurpoetra of comparison. It h not in comni<m use, hiu ^ve* 
tliA artual amount of liimher that ciui )>« slash suwiv] from nvprn;;e soiiixl lo^s )>y a cirniltir .'•uw cuttin;; a 
^inrh kerf. This table shows that the Srribncr rule undcrostlmaira the amount of liiml rr that can ho 
nwcd ftom noftll iotai. but (or tbone 20 inciMS tad op it cooMe vwy close to tbit truth. Tb« Pof le rule 
IDrairtlwtb*coot«iili«tsiiiani<ip,biit4iv«nitliD^ 
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Comparitfm nf a few loj rules tnth the Tienumn rule. 



Log Tide. 



Ttemann 

rhiinipi.iiii. 

ScriKiuT 

Doric 

l)oj k'-S-fritiiier 

New Hampshire 

Maine 

Vermont 

Raneor 

Ciunberlaiid River 

Sqiun at tbi«»^ourt>M 



For (Uamatcn of— 



6to n 

inches. 



12 to 20 
incbw. 



Ul to 30 
iocbes. 



31 to 40 
inches. 



U to 50 
inches. 



100 
101 
"6 
45 
45 
93 
97 
98 
97 
70 
111 



100 


100 


100 


10»^ 


lOH 


100 


89 


9U 


90 


80 


98 


107 


HO 


97 


00 




SO 


78 


l8^ 


105 


107 


93 


91 


91 


101 


106 


105 


M 


«5 


6* 


105 


101 


103 



100 

102 
113 
102 
77 



90 



61 
103 



Qreat care should be taken in selecting the log rule. The Doyle 
rule in particular should be avoided by sellers, many of whose lo^i 
are of small diameters. A 6-inch 16-foot log sq^les only 4 board feet 
by the Doyle rule andean 8-inch log only 16 board feet. 

Table 7 shows how the price per thousand board feet would have 
to vary with a number of different log rules in order to obtain the 
same price for any given piece of timber. 

Tabij: 7. — Table ahoicing the price ichiek would have to he obtained if 1,000 
hrtfinl f«i t of lof/H Jtrnlf'ft by llir Tirnwnn nilr trrrr x<aU d by vnrintm othef 
rules, assuming a atumpage price of $5 per J, 000 by the Tictnann rule. 



Lob rals> 



Champlaln 

Scriliner 

Doylt' 

DoyU'-SiTii'iuT 

New Hampshire 

Maine 

Vermont 

BanRor 

Cumberland Uiver 

Bquow oC t to w t ourtlM 



FordJomataniQf— 





12 to 30 


21 to 30 


31 to 40 


moao 






iadMi. 


Inebas. 




Value of stumpa^ per 1,000 Ixiard feet. 


s-Vflo 


$.'■. no 


tft.00 


S5.00 


HflO 




^.72 


4.63 


4.59 


4.M 


»■». :>s 


5.62 


A.05 


5.05 


400 


II. 11 


fi.25 


S.IC 


4.67 


4.43 


11. II 


6.25 


5. 15 


5.05 


4.90 


5. 0'l 


5. HI 


fl. 2r, 


6.^1 


6.40 


5. 15 


4.U0 


■t.76 


4. 67 




5. 10 


5. IS 


5. '9 


5. '.9 


5.50 


5. 15 


4.9.5 


4.72 


4. 76 




7.11 


7. 'tS 


'.m 


7.M 




4.50 


4.70 


4.K5 


4.00 


4.00 



SCAUN6 TIMBEB. 

BOABO FBBT. 

Log lengths can be conveniently measured with a measuring stick 
8 feet long. About 3 inches should be added to the nominal length 
of the log, so that the rough end may be trimmed at the mill. If more 
than 6 inches of extra length is left, however, carelessness in sawing 
the tree into logs is indicated. For scaling purposes the average 
diameter inside bark at the small end of the log is measured. Diame- 
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ters are rounded off to the nearest inch; that is, 74 would be consid- 
ered 7 and 7| would be conndered 8. 

As soon as each log is scaled it should be mariced with crayon, so 
that there will be no danger of scaling it again. If systematic scal^ 
ing is to be done, it is desirable to iiso :i special book for the purpose. 
Number each log in this case instead of marking it with u cross or 
other mark. When the log is scaled its number is written on the 
small end. 

The scale book should be ruled off into groups of four columns, 
tile first column for the number of tlie log, tlio second for its length, 
th«^ third for its dinmcftM-. sind the fourth for tlie nnmber of board 
feet. Only one kiikd u£ timber should be entered on a page. . 



Form for rulitiff log »cale booh: 



hog 

No. 




Dianie> 
t«r. 


Sralc. 


Ko. 




Dkitiie- 
t«r. 




1 








10 


Fett. 




B4.fl. 




1 












3 


f 




12 










1 






1 




5 


1 




14 


1 




1 ' 






1 




7 ; ' 






1 




» » ' 






1 




• ' ' 






1 




i 






1 





In cas<? no scale stick is available tlio logs can be nionsmvil with 
an ordinary rule or yardstick and the board-foot values entered later. 
If the farmer expects to do mucli scaling he should provide himself 
with a scale stick. This consists of a strip of hickory about a quarter 
of an inch thick and an inch and a half wide an^ long enough to 
measure the larircst logs which he will have t<> scale. It has burned 
on it the estiuiated boaid-loot contents of h irs of different lengths 
and diameters. The contents of the logs can be read directly from 
the stick. 

The scaling of sound logs is a comparatively simple matter. The 
question of how much to allow for <lefe<'tive logs is a point which 
requires years of c\|ieriencc to master; hut <»rdinarily the fai iiici- will 
not need to bother with the exact amount which should be deduct^id 
for decayed places in the logs. 

UNBAB FEET. 

Some forest products, such as piles and mining timbers, are sold 
by the linear foot. This simply means that timbers of certain 
diameters are sold for special purposes, the price depending on the 
number of linear feet in the stick or the total length of the stick. In 
this case it is only necessary to make sure that the diameters are 
those demanded by the specifications and that the lengths are 
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mensured accurately. If it is desirable to keep a record of posts 
sciiled by this method, the}" can be entered in a scalint; book and 
given a number or not as the scaler may think necessary. 

BY THE PIECE. 

Eailroad ties, posts, and some other products are usually sold by 

the piece. Certain maximum and minimum specifications or sizes 
are usually given, and then the sticks that come witliiii these sl/.es 
are counted. These can be kept track of by numbering or marking 
with a crayon, one end of eacli tic as it is comited. 

CORDWOOD. 

Most farmers are familiar with the measurement of cordwood. but 
one or two points may be mentioned in this conTirction. It is custom- 
ary to ]>ile green cordwood 2 or 3 inches higiier than the required 4 
fet't, in order to allow for shrinkage and settling as the wood dries. 
The average height and the average length of the pile siiould be 
measured in findaig the number of cords. 

The standard cord is 8 feet long 4 feet wide and 4 feet high. In 
some localities a long cord, 8 feet oy 5 by 4 feet is used. Again, it 
often happens that sticks 4 feet long are sawed into 16-inch sticks 
and split one enough for stove fuel. A running cord of this short 
wood, that is, a pile 8 feet long 4 feet high and 16 inches wide, equals 
one>third of a standard cord. 

ESTIMATING STANDING TIBfBEB* 

WTTHOUT VOLUME TABLES. 

Unless the woodlot is large it is desirable that eveiy tree be esti- 
mated separately. The procedure is as follows: 

A notebook or sheet of paper should be ruled off in squares of a 
convenient size somewhat as shown in the sample diagram below. 



Bpftclciti. 


Butt lev. 


SaciHid los. 


Third log. 


Total 
scale. 


Iieni:th. 


Diam- 
eter. 


SoUo. 


LengU). 


Diam- 
eter. 


Scale. 


I,«ngth. 


Diam- 
eter. 


Scale. 


While ook. .. 
Red oak 


Feet. 

14 
16 


h)ch(-%. 
16 

10 

li 

is; 


Bd.ft. 


Feet. 
16 

12 

12 

16 


Inekt*. 
11 

S 

12 

16 


Bi.ft. 


Ftei. 
16 


Jncku. 
11 


Bd.ft. 


Bd.fi. 










GugM raa(>la. 
Heech 


















14 


13 
















i 














































1 

















» 













The estimator looks over the first tree and makes an estimate of 
how many logs can be cut out of it. Suppose the first tree is a white 
oak which forks at about 50 feet above the ground. Above tiiat 
point the branches are too small or too crooked to be used for saw 
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logs. Allowing for the stump, then, the merchantable length of the 
tree is 48 feet, or three 16-foot logs. By looking at the tree carefully 
the estimator decides that the diameter, inside the bark, at the top 
of the first IG-foot log is IG inches. Sixteen feet farther up the 
diameter appears to be 2 inches less, while at the top of the third 
log the diameter is 11 inches. These figures are entered in the proper 
spaces as shown in the diagram: and, later on. the number of board 




r-u»>4 

Fig. 4. — MeasuriDK the cuntents of a wuodlot ond murklng trrcs to be cut. (Markint; 
is done by blazing tlic bark or by the use of white paint.) 



feet in each of the three logs can be determined with the aid of the 

log rule, and the total board-foot contents of the tree found by 

adding the results. 

In some cases it may be desirable to indicate in some way the grade 
of each log in the tree. The butt logs are generally of the highest 
grade and the top lo^s of the lowest. Where higher prices are paid 
for No. 1 logs, the ditFeience may be enough to make it woi th while 
to separate them fi-om the No. 2 or No. 3 logs. The grade of the 
logs can be indicated in the ui)per riglit-hand corner of the square 
which is left for the board-foot contents of the log. When the final 
figui-es are added up only those which have a " 1 " in the upper 
right-hand corner will be added together to get the total amount of 
No. 1 logs; then are added the values which are indicated by No. 2, 
and so on. 

After each tree is estimated, it should be marked in some way, so 
that there will be no danger of its being measured again. A piece 
25750°— Bull. 715— IG 3 
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of chalk may be used or a small blaze can be made with a hatchet. 
Thih procedure is continued, the trees being taken us they come* but 
only those estimated which are big enough to be merchantable. 

It is advirable to estimate the trees on an area of fairly imiforni 
width, continuing across the woodlot until the other side is reached, 
then on the return trip the estimator can proceed on a fairly strni«:ht 
line. This makes it possible to be sure of getting all the ti*ees wi tiiout 
having to cover too much ground. The width of the first strip on 
which the timber is estimated will depend upon the convenience of 
the operator. "With open timber the width can be f^reater than where 
the trees stand riose to*iether oi- whei'e there is much underbrush. 
Tender average coiiditioiis '>0 feet woukl he a good width for the strip. 

This method can also !m> u^pt] in estiiii;! t iiifr ]iosts or poles or even 
cordw(K>d. If posts are t() be estimated Llie species or kind of wood, 
the length, and the top diameter of each are recorded. If the facts 
are put down in this form, the value of all the posts, or of any par- 
ticular class, may be easily calculated. Table 8 will be useful in 
estimating roughly the quantity of material in cords, ties, poles, or 
sawlogs contained in trees of different diameters. 



Table & — Quality of material contained in trcet of different size*.* 



(f<roii-t 


KnmlMr of tfces of each sire recjiiired to yleTd-^ 


Tjo and pole iirtnl- 
U( t per tree. 




1 ror.L 




1,|):m f(M<! of luniU-r 


N" timber 
of 1 ies, 

woodi.< 


Ijcnpth of 


UurJwoods. 


Boit- 
voods. 




gufl- 
wooda. 


NfMrtbcni. 


SoutlMvn. 




Baatbem.i 
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J'J 
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>i 
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! ( 
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.1, 0 


:■; (I 


■1. 7 
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I'l 






l.'i 




'J 


IJ 
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■J. ij 


'2. 1 


^1 
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( 




-III 


17 


1. 7 


'\ 




(i 




:i 1 






1> 


1. .'l 


1. ^ 


1.'.' 


*i 


4.5 


<■> 






19 


I. :i 


1. j 


1.6 


A 


4.0 


2. 1 






20 


I. -' 


1.3 


1.5 


.'• 


:5 


■1. I 






21 


1.0 


1.2 


1.4 


'.I 


' >i 


1.8 




Ml 


72 


.9 


1. 1 


1.2 






1.7 






23 


.» 


1.0 


I. ! 


\ 


■ i ■ 


1. 1. 




u 




.7 


. 9 


1. u 


■J. il 




1. 




5! 



N"Tr .«()ftv»(Nj»H taken to 4 itu-itci top diamotpr. Nortliem Imrdwoods: B«ech, birch, and ixMpie to- 
\ iij< h. s topdtemeur. Sotttbani ImrIwoixIb: Clwstiuiit, nUt, lUekory, bunrood, u£, tte., to Slnebn top 

diuiKtcr. 

' Hullcdn 9, Pliif*' (.f \>n- '^'orW Ci-n '■rv:iii, ,M ( Vimiiii -'-ioii ; ;vl:ii.tr-'l in (!<■ an-t po)<» prwiui tir>iiV 

> For every thou.'4uid Iwi. o! lumU r uimi i iw<MJur i <.f :\ i urcl ol wowl can also be cui Irom the tops. 

'Fur every thoasand foet of lumlier nbuut lhri>c-r|iiar'< r - 1 [ a cord of vroodCMialMbevutfnan tlw ton 

« For every 10 lies about 1 cord o( woo<l can alwj be cut from the tops. 

* For erary lOpotoAtKnt 1 cord «I wood may te cut abofraai the t«pi. 

A HOMB-MADft HKIQHT UEASVBK. 

An instrument for measuring the heights of trees can easily be 
made at practically no cost. (Fig. 5.) 

Take a piece of half-inch l>oard 7 by 9 inches and j)lane it smooth 
on all sides. Draw the line AB f of an inch from the lower 
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edge and parallel to it. Two inches from the left end of the board 
draw CP lit right angles to AB. Make a mark at /:', i)\ inclies from 
/>, and another at /*', ^\ inches from />. Xow draw a line JK througli 
F parallel to AB. Start at Z>, lay off inches and quarter inches on 
AB in both directions, marking D as zero and putting down Uie num- 
ber of inches from D to each inch mark. Do the same for the line 





u 
a 



a 

a 



a 

o 



a 

a 

00 



• 

c 



JK. Take a brad or small nail and drive it in carefully on the 
line JK about an inch from the edee of the board. Dri%*e it in until 

the point conies out on the hack oi the hoard ; then pull it out and 
drive it in from the back until the point sticks nut about one-fourth 
inch from the face of the board. File olf or cut ott' with pliers any 
part of the brad that projects from the back of the board. lu the 
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Fame v^ny insert anotlier lirad noar the other end of the line JK. 
'i'hesc brads are the sights, and it is important that they be straight 
and true. 

Now take a piece of straight, heavy wire 10 inches long, and bend 
one end of it into a loop al)out an eighth of an indi in diameter. The 
center of the loop should be in line with the straight part oi the 

wire tliu3:®=*" not thus ' ' . Fasten this piece of wire loosely 

to the board at /C m itli a half-inch screw, so that it ^vi11 swing freely 
when tlie board is on edge. The loop should be big enough to fit 
loosely over the shank of the screw, but small enough so that it will 
not slip off over the head. 

Screw a piece of wood about 6 inches long, 1 Uidi wide, and half 
an inch thick to the back of the board to serve as a handle, and the 
height measure is complete. 

J/ow to use it. — To measure the total height of a tree, stand at a 
distance of 100 feet from it and hold the instrument in the right 
hand in such a way that the pendulum swings freely but verv near 
the hoard. Sight along the brads at the top of the tree and let the 
pendulum come to rest. Then with tlie left hand press the pendulum 
against the board witiioiit giving it a chance to change its position. 
Now read off the iiuniber of feet in height on the lower scale. If 
the wire crosses the line 5 inches from the point Z>, it indicates that 
the tree is five lO-foot logs or 80 feet high aoove the level of the eye. 
Now sTL'-lit at the foot or the tree and take another reading. If the 
pendulum hangs to the left of />, tliat is, between ^4 and />, add the 
amount indicated to the first reading, and the result will be the total 
height of the tree. Thus, if it hangs half an inch to the left of />, 
add half a log or 8 feet to the first reading, making a total of ^ 
logs, or 8^ feet. But if the eye is below the foot of the tree, the wire 
will hang to the right of V (between /> and // ) and then tlie amount 
of the si'e<jnd reading should be subtracted from the amount of the 
first. Thus, if the first reading is d6 feet and the second is 12 feet 
(to the right of />), the total height of the tree will be 96 less 1-2, or 84 
feet. If the tree is less than about T.'( feet high, or if it is difficult to 
see the top at a distance of feet, the observer should stand 50 feet 
from the tree, but in this case the readings are on the line JK, 

When the instrument is sighted the pendulum can be kept in 
])osition hy. tilting the hand slightly to the right This brings the 
wire against the board and holds it in place so that a reading can be 
obtained. Care should \)v taken, however, so that the wire will not 
slip after tlie board is tilted. 

In the example given, the total heij^ht of the tree has l)een meas- 
ured. It is often of more practical importance to measure the 
height to a point on the tree oeyond which there is no merchantable 
saw timber. This measurement is made in the same way as that 
described above, except that the instrument i*^; j ointed at what will 
be the top of the last log when the tree is cui, and tlien at the point 
where the top of the stump will be. 

ESTIMATING WTTH VOLUME TABLES. 

A volume table gives the same in fr)i uiatiun about a whole tree 
that a log rule gives about a log: that is. the average number of 
board feet which a Liee of any ^ivcn size is estimated to contain. 
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Sudi tables are made by sealing a large number of trees and find- 
ing the number of board feet in each, then grouping those of the 

jsnmc ^'v/v t()<rt'ther and averaging them. The table gives the av^r 
ago iiiimiIh I of hoard feet in trees of the sizes moasured. Trees ditfer 
in sliuije, and even those of the same height ami diameter will vary 
a gooa deal in contents, but when many trees are measured the aver- 
ages are fairly dependable. A volume table which would give an 
accurate total if applied to all the trees on a tract might show a 
result containing an error of from 25 to 50 per cent if applied to only 
one or two trees. 

• Since different kinds of trees differ from each other in form, the 

volume table made for one si>ecies does not necessarilv sipp^^' ijccu- 
ratelv to another. There is not so niufh differfm 1h t\\rt n tlie indi- 
vidual hardwoods or individual ^oftwiMxis as between liaiduoods and 
softwoods. Table 9 is to be usihI as a general volume table for hartl- 
woods (broadleaf) and Table 10 for softwoods (conifers). Certain 
factors are given by which correction can be made so as to produce 
accurate results for different kinds of trees; for example, the hard- 
woods table applies to red oak without correction, but for white oak 
10 per cent must be added when the trees are over 16 inches in 
diameter. 

Estimating the timber on a tract by means of Yolome tables is not 
» so acciurate as estimating each log in each tree separately ; but it can 

be done much more (piickly and is aocorate enough under ordinary 
circumstances. 

The trees are tallied in a different manner from that indicated 
where volume tables are not used. If the table is made to show the 
volumes of trees of various diameters and log len^hs, a tally sheet 

nmst be prepared so that the trees may be tallied m the same units, 
A sheet of this kind, which ran be nded on paper, is shown below. 
The kinds of trees for which different stumpage prices arc paid 
should be kept separate in order that the correct values can be calcu- 
lated. 

Sample Mly 9h€et for Mtying Ireoi when volume tablet are available. 
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Tabue 9.— Contenlt In fciNl»'d /eel o/ hardwood trect of dIffentU diameih^ and 

m«rehmUable Ad^Alt* 

[Btiudp]u|^t.Sfail, TnnflwTSfWif flU. teilnMrdMlnulCnilB.1 



DlUMtar. iNMst- 



incket. 



10 

• • ft « • 



12. 
IS. 
14. 

15. 



Nnmbcr of Ift-foot logi. 



2i 



34 



Volume— board (eot. 



H>... 
17... 
18... 
19... 



21.... 
22.... 

23.... 
24.... 
S»..., 

28.... 
27.... 
28.... 
29.... 
30.... 

31.... 
S2.... 

S4.... 
».... 



36. 

37. 

«. 

41. 
42. 
43. 
44. 



20 
20 
20 

21 

23 
25 
27 
30 

34 
3& 
43 
4S 
54 

u2 
69 
77 
85 
93 

ino 

110 
120 
130 
140 



27 
32 
36 

43 

50 
J)8 
67 
77 

88 
100 
120 
1.10 
130 

170 
190 
210 
230 
250 

2S0 
300 
330 
.%0 
390 

420 
450 
480 



35 
42 
52 

62 
73 
86 
100 
120 

130 
150 
170 
200 
220 

2.'i0 
270 

300 
340 
370 

410 
4.V) 
4''*) 

'i.'.i) 
hH) 

630 
690 
740 

m 

920 



43 

53 
64 

78 
03 
110 
130 
150 

170 
190 
210 
240 
270 

300 
340 

iSt) 
i-20 
4t"<l 

:,w 

fill) 
|V.0 
720 

770 
830 
890 
950 
1,010 

1,070 
l.l.K) 
1,190 
1.250 
1,311 



HI 

98 
120 

I Ml 

im 
im 

200 
230 
2G0 

MO 

370 
410 

•4.V) 

j."jO 

fVxj 
QiO 
TJO 
780 
850 

910 
9W 
1.0.10 
1,120 
1, 180 

1,250 
1,.120 
1,390 
1,460 
1,540 

1,610 
1,6S0 

1,7 V) 
1 , 



IW 

140 

iro 

220 

250 
280 
310 
350 
390 

440 
480 

530 

&S0 
640 

TOO 
770 
JCiO 

980 

1,050 
1,1.10 
1,211 
1,290 
1,380 

1,460 
1,550 
1,640 

1. rjo 

1,910 
2,000 
2,090 

2, ISO 



180 

?10 
T\0 
260 

200 
320 
360 
400 
450 

rm 

550 
610 
670 
740 

SIO 

m 

960 
l.oJO 
1,120 

1,200 
1,200 
1,380 
l,4s0 
1,670 

1,680 
1,780 
1,890 
2,000 
2,120 

2,240 

2,360 
2. 470 
2. .V.M) 



260 
300 

340 
380 
420 
470 
520 

.^SO 
(HO 
700 
770 
840 

910 
990 
1,080 
1,1G0 
1,2.10 

1,350 
1,450 
1,560 
1,670 
1,790 

1,910 
2,040 
2,170 
2,300 
2,430 

2,570 
2, -JO 
2,M)0 
3,010 



Diam. 

et«r 
imide 

bark 
of top. 



390 
440 
490 
540 

590 

650 
720 
790 

WO j 

i,(>a'i 
1, no 

1,200 I 
1,300 I 
1,400 

1,510 I 

1.620 

1,730 

1,>*60 

1,990 

2,140 

2,2yo 

2, 4.V) 
2,600 
2,700 

2,930 
3, 100 
3,270 
3,450 



Ineht*. 

a 

6 
6 

6 

6 
7 
7 

8 

8 
9 
9 
10 
10 

11 
11 

12 
12 
13 

13 
14 
14 
15 
15 

16 

16 
17 
17 
IH 

18 
19 
19 
20 
20 

21 
21 
22 
22 



Basis. 



Trea. 



1 

4 

3 
4 

9 

15 

18 
40 
56 
IS 
7S 

m 

90 
67 
SO 
56 

89 
61i 
81 
61 
47 

4» 



17 
24 
11 
16 
15 

6 
3 
3 
2 



1,300 



Chestnut, for ilLuii«'t<T- fnm o to 40 Inches, subtract 10 p<T cmt. 
Chftstniit o ik. for litiiuf Urs from 32 to 40 inches, mid jh t < ont. 
W hiitj (tik, for (li,impn*rs from is to l<i inoh«. a«l«l 10 jut i-i-nt. 
Kid oak, lor ^11 tiatnelers, us© th* luhle wilhoul chauije. 

It will 1(0 noticed that the volume tables which are based on 
dianu'tef iuid nuinber of logs (merchantalilc iciijxths) use a 10-foot 
log lis :i standard, but that additional r-oliinins showing hnlf l(t<r.s 
are L'iN eii. In e.*<tirnating any indi\ idiinl ticc t]u> luimbtT of lugs and 
hall' logs contaiiKMl in it is estiniatt'tl and indica(i'<l on the tally sheet. 

A l(5-in(li. -J-log tiee would be tallied by putting a dot in the 
btjuare opposite 10 inches and in the column lieaded 2. The trees 
may be tallied by fives; that is, four parallel marks and a fifth one 

across the iirst four, thus: tHl » but unless this method is prof erred, 

trees should be tallied in tens, because by this method more trees 
can be shown on the same amount of space. The first four trees are 
indicated by dots and the next six by connecting lines. Each com- 
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plete square with its dingonals indicates ten trees. The different 
stages by which tho tally is built up art' shown below: 

' n n o la ® 

Tabi-e 10. — Content H in board Jcct of coniferous trcca of different diameten and 

merehantahle heights. 



ptninp halgbA, i 



Diuuter (Jnaidc bark) of top, 6 baOm, Ttms over n 
dacinai C nile.J 



old. ScrfbiMr 



Dlametrr breast-blgh. 



S.. 
10. 



Inck€». 



It. 

la. 

IS. 
H. 
t5. 

10. 
17. 
18. 
W. 

as. 

21. 

n. 
as. 
a«. 



26.. 
27.. 
2S.. 



SI. 
33. 
S3. 
S4. 
IS. 



NitinlNr of M^toot kgL 



2i 



3* 



VcHim» boordtert. 



37 
41 
47 

fi3 
60 

«8 



S2 
58 
« 

74 
83 
94 
110 

lao 

130 
l.iO 
170 
190 
210 



70 
77 

no 
m 

140 

160 
ISO 
210 
230 



m 

3flO 
400 
440 

480 



I .'> 

OS 

100 

i:w 
V*) 

m 

190 
220 

aio 

3S0 
300 

430 
470 

520 

tm 
650 



M 
03 
100 

120 
140 
ItiO 
l»iO 

aoo 

2ao 

2>iO 
200 
320 

aoo 

400 

440 

490 

540 
000 

WiO 
720 
7S0 
MO 
910 



120 

no 
\m 
m 

210 
340 

270 
300 
XW 
370 
410 

(MO 
610 

sw 

620 

aso 

740 

{) K) 
1,010 

l.OSO 
l.l.OO 
1,230 



2u) 
220 
240 
270 

31i» 
^lu 
3H0 
420 
470 

520 
670 

f>20 

740 

810 

8.H0 

1,0. t(l 

l.iUU 

I.ISO 
1,21.0 
1,310 
1,420 

1,500 

l,.^so 



Bask. 



Tret*. 
12 
9 
13 

13 
8 
4 
7 

11 

20 
21 
20 
34 
37 



37 
87 
47 

S3 
43 

45 
,« 
47 

40 
44 

39 
3« 
34 
29 



840 



CoTTection faclort for difftreni species. 

Fur dlaoMten dram S to 10 indbe.^. add lo p»r cent. 
Fflt dl»1tt«it«n fro« U to 20 iiielK^> . ndd 22 per cent. 
For dtaDMiton from 21 kudus sod up, add w per c9nt. 



For dliimatanfrom 8 to 10 fnebeB, add K nor cant. 

For diameters from II incho^ and up, add V.'i percent. 
Short leaf nine: 

For diameters from 10 inches and under, add IS per cent. 
Fordlamcters from 11 to \M inche«, add 25 percent. 

For dfrimftrr^ from 2* t') 23 Inches, add 3'' jierr^nt. 
For (li un>''.'r> 'rmn Jl inches and over, »]<\ 4«) per cont. 
White pine: For all diameters, use the taole without chance. 



The volume tnMe< are based on diameter breast high, wliich is 
the diameter outside bark 4^ feet from the ground. This diameter 
can be conveniently measured by means of tree calipers; but calipers 
are somewhat expensive, and an ordinary carpenter's steel square 
can be used. 
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The square is kept horizontal. Both arms are placed in contact 
with the tree, the shorter one pointing away from the operator; a 

narrow strip of wood (•;ni tlu-n be lain fl<i:ninRt tho opposite '-i le of 
the tree a rici parallel to the short arm. The diameter ot the tree will 
then be indicated on the long arm. 

When the whole area has been estimated, the operator will have a 
tally of the total luiiiiber of trees of each size and kind on the tract. 
Suppose that there are 12 three-log red oaks 18 inches in diameter 
and that the volume table for hardwoods indicates tlnit trees of this 
size contain 260 board feet. The 260 is multiplied In' 12. The same 
thing is done for each of the other sizes for which there is a tally. 
This gives, then, the total number of board feet of red oak. The 
same thing is done for other kinda of hardwoods, except that after 
the total Tolume has been found it may be necessary to increase it 
or decrease it for the different species by the amotints indicated in 
the footnote to the table. 

t^AKTIAL BSmiATia. 

In case the woodlot is so lai *re or the time available is so short that 
it is not practicable to lueasiire ciich tree, a partial estimate can be 
made. One-quarter of the ai*ea may be gone over and this quarter 
considered a fair sample of the whole woodlot. The amoimt on this 
sample area may then be multiplied by 4 to get an estimate of the 
total stand on the whole tract 

Different methods of measuring part of the stand are poeaible. 
The simplest of these is to lay out squares or rectangles containing 
a quarter of an acre, or 1 acre, and to measure all the trees on these 
plots. If the whole woodlot contains 50 acres and if 10 plots con- 
taining an acre each are measured, one^fifth of the area would be 
covered; therefore the amount of timber found on* these plots would 
have to be multiplied by 5 to obtain the total stand. 

There is a tendency in locating plots of this kind to pick out areas 
where the timljer is better than the avenige. This should be avoided 

l>ecause it leads to too high an estimate of the woodlot. A plot JOB 
feet s«)ii;n(' cfHitains verv nearly 1 aci*e, and one 104 feet square 

contain^ i inarter of an acre. 

If the tiiauH'ter carh tret* i- to ho estimated and not actually 
measured and the estimator is working without assistance, he may 
stand at a gi\t'n point and estimate all of the trees within 59 feet 
of him. The area of a circle of tliis size is a quarter of an aere. 

A motlilicat ion of (he sami)U'-plot method is the stri]) metiiod. 
Instead id' measuring out plot> licie and there the timber on a strip 
66 feet wide is measured. Aji ana of this width and GOO feet long 
measures 1 aere. At the end of each acre (ever^' GOO feet) a new 
tally sheet is begun. The timber is estimated in a continuous strip 
across the tract Wben the l>oundary of the woodlot is reac hed the 
estimating crew measures off a certain distance (say, 204 feet) at 
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ri^t angles to the strip, And starting there continues the estimating, 
this time going back toward the first boimdary line, and so on. This 
results in the gridironing of the tract by these sample areas in such 
a way that almost invariably all classes of timber are tallied in their 
proper proportion. (See fig. 6.) 

The distance between the center lines of the strips determines what 
proportion of the tract is covered. If this distance is only 66 feet, 
all of the tract has been covered; if it is 182 feet, half of the tract; 
261 feet, one-quarter of the tract, and so on. 

To estimate timber by the strip method it is necessary to have two 
or more men in the estimatinp- ci-ew. The distance alongf the strip 
may be measured with a tape or ciiain or it may be estimated fairly 




Fii:. 0. — Strip method of e«tliiuitlllf 2.% per cent of ft ttMld of ttmber. 



closely by pacing. The tallyman walks along the center line of the 
strip and the caliper man or estimator measures or estimates the 
timber on an area U3 feet wide on each side of the tiiUyman. If the 
trees uie actually calipered it takes longer, of course, than if the di- 
ameters are estimated by the second man. The estimator calls out 
the species, the diameter, and the height of the tree or number of 
logs in it; and the tallyman makes the proper enti-ies. 

The greater the proportion of the tract \vhich is covered by the 
strip method the more accurate will be tlie results; and as a rule 
at feast one-ouarter of the area should be included in the strips. 
This means that the center lines of the strips should be not more 
than 264 feet apart. 

For woodlots of 50 acres or less it is recommended that each mer- 
chantable tree be estimated separately. For tracts greater in size 
either the strip method or the sample-plot method may be used. If 
only a rough estimate is desired the sample-plot method can be used 
to advantage in any case, becaiise it is quicker and its accuracy de- 
pends on the care with which the plots are located. 
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ESTIMATING OOBDWOOD. 

Cordwood can be esdmated without volume tables in much the 
same way as saw timber. The diameter of the stick is measured 
at the middle outside bark instead of at the small end inside bark. 
The figures below show the volume in cubic feet of 4-foot sticks of 
ordinary dimensions. 

Diameter of sticks (Indies) 284567 89 10 11 12 

Solid contents (cubic feet) ai 0^ 0.3 0.9 0.8 1.1 1.4 1.8 2.2 2.6 3.1 

The branches, or that part of the stem which is suitable for cord- 
wood, may be laid oft by eye into 4-foot lengths, then the diameter 
at the middle of each of these is estimated and tallied on a sheet of 
paper niled in squares. The total number of sticks of any size is mul- 
tiplied by the number of cubic feet corresponding to that size, which 
is obtained from the table; and this is continued until the total 
volume of each class of sticks has been obtained. These volumes 
added together give the total number of cubic feet in the tree or trees 
under consideration. 

Though n cord contains 128 cubic feet the space occupied includes 
both wood and air. The actual solid contents of a cord is only about 
70 per cent of this amount, or 90 cubic feet for wood of average size. 
To obtain the number of cords it is necessar}', then, to divide the 
total number of cubic feet by 90. For small sticks, where the av- 
erage diameter is 1 inches or less, a converting factor of 80 cubic feet 
per cord sliould be used ; in the cnsc of larger sticks 10 inches or over 
in diameter the conVerting factor may run as high as 100 cubic feet 
per cord. For ordinnrv firewood sizes 1»0 cubic fiM-t will be satis- 
factory. Crooked roufjh sticks can not be piled ti.^ i Id-i'ly as strai_c:ht 
smooth slick». Tlieiefore a certain <iuuiiLity of crutjked wood will 
make a greater number of cords than the ^ame amount of straight 
wut>d. 

There ar e usually from 500 to 600 board feet in a cord. Cords may 
be con\erted into board feet bv multiplying board feet into cords 
by dividing b}' this number. Thus 10 cords of medium-sized pulp 
wood, containing 500 board feet per cord, are equivalent to 5,000 
board feet Large-sized wood, however, might contain 600 board feet 
to the cord, so that 10 cords would be equivalent to 6,000 board feet 

In some cases it may be desirable to know how much the volume 
will be reduced by peeling cordwood. The thinnest barked trees 
usually have at least 6 per cent of the total volume in the form of 
bark and from this it ranges up to 30 per cent. 

FINDING THE SALE VALUE OF STANDING TIMBER. 

Woodlot owners often sell their timber without having a suffi- 
cient knowlcdiro of its market value to protect their interests, and 
sufftT loss in consequence. Such loss can l>e avoided only by a care- 
ful and thorough study of all available markets. 
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HfPOBTAKT STEPS. 

The f()ll()^\ in<r steps may be of assistance in acquiring a knowledge 
of the sale value of tiinher: 

(1> Tnke iith anta«rt' of the experience of neiglii»urt> who have re- 
cently sold tiiiiher or have otherwise informed themselves in regard 
to good markets and current prices. 

Doubtless the preponderance of poor bar<rains over good ones has 
something to do ^vith the proverbial reticence of farmers on the 
subject of their timber sales. It is not unusual to find cases where 
adjacent farmers have sold approximately the same grade of material 
at about the same time for widely different prices. In communities 
where the cooperative spirit is strong stumpage values usually be- 
come pretty well known. 

(2) Apply to the State forester, the county agricultural agent, or 
any ether available public <^cial or pelrsonal agency for sources of 
informatloQ and advice regarding possible markets and timber 

prices. 

(3) Employ the services of some reliable man who has made a 
special study of market prices of logs and lumber. The saving gained 
thereby, unless the owne?* Ik^s had much experience along that line, 
may amount to from 10 to 40 times the cost of the examination. 

The opportunity in this field is particularly promising. In most 
sections where timber has been sold to any extent in the past, men of 

the neci'vw:i!-v qualifications can he found whom such employment by 
the day or tlie vvfndd ennMe to kcej) up with market conditions 
find be of very real a.s.sistance to owners df timber. 

(4) Get into t<>uf'h. through corresiiondence, with outside buyers, 
and thus awaken competition amonjx as many prosj)ective i>urchasers 
as j)o>sihle. A live effort nloiiL'" this line will often succeed in bring- 
ing about an open market f<»i- standin^r timher. 

(5) Deterniine the value of the material !)y reference to current 
market prices and tlie total cost of putting it on the market. 

STUMPAGB VALUB. 

The sale value of standing timber, known as its stumpage value, is 
of primary importance to the owner. ^lost woodlot timber sales 
are based upon the value of timlier in the standing tree, rather than 
on its later value when cut and placerl on the market in the form of 
cordwood, ties, poles, bolts, logs for further manufacture, or lumber. 

With a knowledge of the market price and the cost of getting the 
material from the stump to the market the owner is in a position 
to ascertain by a simple calculation the value of his standing timber. 
This is the difference between the value of the product on the niarket 
and the total costs of marketing, including a reasonable profit on the 
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operation, which may fairly he placed at from 2& to 25 per cent on 
the combined investment in timber, labor, and lumbering equipment. 

For example, if average mill-run red-oak lumber is Avorth $24 
per thoii'-and feet at a market point and the total cost of lo^rjjing, 
sawing, a^d hauling, including a fair profit on the business, is $11, 
the value of the standing timber is $13 per thousand board feet. 
In the same manner the stumpage value of poles, ties^ and other 
primary timber products may l)e obtained. If a ^.'-foot chestnut 
pole is woi th ^4 cielivored at a loading point along the railrond. nnd 
the coat of logging and hauling, plus a jirofit of i^O per cent on tlio 
operation, is $2.10, the stumpage value is $1.U0. Likewise, if the 
average value of a No. 3 white-oak tie is 56 cents and the cost of 
cutting, hewing, and hauling, plus a fair profit, is 29 cents, the 
stfnii[>ngo value would bo 27 cents. Ma))le and }>(M>oh cordwnod, 
celling for $."».(>U per cord in a givt-n town and costing ^^l for cutting, 
$3.50 for hauling, and '60 cents proiit, a total of $4.80, has a stumpage 
value of 80 cente per cord.* 

The value of timber in the tree is affected by its location and ac- 
cessibility, since these determine largely the cost of production and 
marketing. The distance, character of the road, and daily hauling 
capacity of a team and wagon are factors to be taken into account. 
Through improved methods of logging and transportation, timber be- 
comes relatively more accessible, and the cost of production is reduced, 
its stumpage value being then increased. Efficiency of labor, teams, 
and machinery employed in logging, economy in utilizing material 
and conducting the operation, and skill in securing the best market 
for the product, whether sold in the log or in a manufactured state, 
all count as factors in raising the value of standing timber. 

Table 11. — Equivalent lumber vaUies of four different tfeet of tie* «oM «# 

variowt firiccn. 

fOootof attwiogMmimd to b* M par tboamid bottd tmttue l-inch InmiMr, «iid lOonte par tin. Loat «t 
oaa^ath tlM timber mmIb by nwing uiiMh lumbar aa oomporad to s»w1q( tb* nttortal into Uaa.] 



Priw x«oaf %'«d per tl*— eaoti. 



Size of tie. 


do 




h) 




50 j 5ji j «0 


06 


70 1 


.» 


Value per thouBBod board fmt, I4ncli tumbar. 


li-. t u U'\d-, .I'l liuur'l [<'i4 

■ ir 1 K-> |HT M li..;ir.l frrlj 








m.73 

14.14 
17.40 

25.88 


S16.ll 

lfi.50 
19. 3H 

38.00 


!>n; ".0 

21.30 


?i: Si) 
83.33 


il'.i. 2S 
21.19 


rzn.oo 


mM 


So 1 ■ ^-i'*', 7 !.y Mnrhi's by Hi 
feet (con ten is. 40 board feci 
or25tfe9pea-Mboard feet)... 

JIo. Sfc Slta, 6 by 8 Inches by 8 
feet (rontents, 33 board feat 
or31t|«tper M bourdfMii.). , 

No. 3: aiie, 6 by 6 inches by 8 
feet tcoot^ftls, 20 bourd foet 
each or SO ties per M board 
ieei) 




in. fA 

19.63 


15. M 
22.75 






4 1 





' For n dcJnIb'd dlsonsslon of stumpncf' vnltK- nnd costs of production of )mrdwood 
lumber, ttea, poles, nod cordwood in aoutbera New England, aee Format Service Bulletin 9ft, 
** flfcond-orowtb Hardwoods In Connortirot." hy E. 11. ProthlnfrhAm. Approximate T«lim 
for N'<'\v Turk nre K'tvon In I^nni ilti 0, " WoodUit I'urcsfn " t,v R. n<isonIilii»h, Stnt.- uf New 
York runsorvatloD ("ommlKBluo. TabU-a of valuea for whltf plue will bf found in U. 8. 
nepartmeot of Ai?rfcu1ture Bulletin 13, *' White Ploe Tnder FioreM MuMfMMiit," tor ■. B. 
FrotTilnKhnm. and " ^Tr^rVcttnL' White Pine In N. \t UnmpBlilro." by J. H, Fovltr, BxCWUlQa 
Hullctio No. 3. New linnipohirc College and blxpirltnent Station. 
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In determining stumpage values it is only fair to base the calcula- 
tion upon the product of highest value for which the tree is suited. 
For example, if white oak is sawed into wagon stock of specified 
sizes worth $40 per thousand board feet, thq return in stumpage 
value is $28^ for each thousand feet of lumber sold. It would bo 
only $14.90' if the same material had been sawed into ties worth 
70 cents each. Allowing a sawing cost of 10 cents each for ties and 
$4 per 1,000 feet for sawing 1-inch lumber, a given amount of log 
material will net $15, whether sawed into ties (7 by 8 inches by 8J 
feet) and sold at 70 cents each or into inch lumber at $22.75 per 
thousand feet.' Table 11 gives the equivalent retufns per thousand 
board feet of 1-inch lumber for material worked into ties of different 
sizes and sold at various prices. For example, if No. 2 ties (G by 




Fxo. 7. — Three-quarters of a cord of chestnut wood for extract, on the wuj' to the railroad 
yards. (The wood Is cut 5 feet Iohk. which is the lonRth spoclflcd in this replon (TCuRt 
Tennessee) by all the acid plants. From 12 to 14 cords make an ordinary carload.) 



8 inches by 8 feet) are selling at 50 cents each, the returns are ap- 
proximately equal to selling the same material in the form of lumber 
at $19.38 per thousand board feet. 

If the owner takes part in the lumbering, his profits from his 
stumpage value are added to by profits from the operation propor- 
tional to the extent to which his labor and capital go into the logging, 
milling, and marketing the product. Under certain conditions he 
may be able actually to sell the sawed product of his woodlot. Usu- 

• Allow Injj n cost of $12 per thousand for production and marketlnB of 1.000 feet of 
lumber. 

'Allowinj? |7 for makln;; and mnrketin); tics, the number of 7 by 8 inch by 8i foot 
ties derived from the material yielding 1,000 feet of rough lumber, using a saw cutting 
4-inch saw kerf. 

•One-fifth of the timber scale is lost by saw kerf with the ordinary circular saw. and 
therefore a tie containing 40 board tvct by actual scale would yield only '.1'2 board feet of 
1-incb lumt>er. 
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ally the farmer is not equipped or experienml sufficiently to accom- 
plish this profitably, lie is able, houcver, in many cases to market 
his timber direct to the consumer in tlie form of logs, bolts, poles, 
]>iling, and cordwood. In general an advance in stumpa^ ralues or 
all woodlot products has been in progress throughout the country. 
It would be very profitable for the farmer to make a gi-eater effort 
to acquaint himself fully with rrpneml market conditions- stump- 
age values and to place a corivsponding value on his timl)or re- 
sources before making further sales or even Iccal use of his tinil>ei'. 

MABKETINO COSTS. 

The principal operations necessary to giet the product from the 
stump to the market are : 

(1) Cutting, logging, and rougfaworking the trees in the woods. 
This includes such operations as cutting logs and bolts, hewing 
tieS) peeling poles, etc., and often ranking and piling them for con* 
vmience. In case the material is worked up in a portable mill on 
the ground or near by, the short haul to the mill should be included 
here. 

(2) Transporting the product of whatever kind to the railroad, 

wood-using plant, sawmill, town yard, or other market. The as- 
sumption here is that the material is sold and shipped considerable 
distances, so that it is known to have a certain value at some definite 
point. 

(']) Further nuinufacturc to produce certain kinds of products, 
sMcli ri ■ srpved lumber, sawed ties. «>(r. Bolts, hewed ties, poles, min- 
ing timbers, lu 1 other products require no further treatment for 
their marketing. 

Usually local co.st ligures for logging and roii^drworking are 
readily obtainable. The most variable cost is that of hauling and 
transportation, because of the vuiying distances, means of transpor- 
tation, and dinerenccs in weight of different kinds of timber m a 
green and seasoned c(mdition. The third item, the expense of fha^ - 
incr lumber, ties, or other materials before they are consiilered to he 
on the market, is probably the least variable of the three different 
items. The density and weight of the wood has a good deal to do 
with the transportation and milling items in the marketing costs.^ 
Pine and cottonwood. for instance, cost less to haul and cut uan oak 
and hickory. 

MARKETS AND PRICES. 

The farmer's market will be found at a sawmill, lumber yard, 
wood-manufacturing plant, railroad station or siding, mining com- 
pany, electric-light company, traction company, or general contrac- 

*Av«»rnK«» mnrkrttni; co«tB. Hemizud Beparatply for iuml»er, tiM, polcH, Pordwt»od. and 
charconi lu New York will l>o found in Itullolln U. " Wtuxllot rorofry, " Sinte of New York 
Conwrvation ("ommlssinn. IIU.'. : nlso. for wliltr-pino IijiuImt In Ni-w Ilutnp!<lilrp in Ext«'D 
sloQ BulletiQ No. " Markctitiij White Pine in New Hampshire," New llumpahlre College 
fiiMl Experlnent Station, Dttrbam, N. Q. 
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torti office. The market may l>e local or at some distance. In most 
regions where supplies are limited and prices high the stationary 
sawmill, obtaining its raw products by rail and long-haul wagon 
delivprv, is superseding the portable mil!. This is particularly true 
in the reg^ions of oak, hickory, and other more valuable hardwoods. 
Markets for bolts. l)illets. posts, piling, and logs of various spr^ ips 
may very often be found by consulting the wood-nianiifMcturing 
industry bullethvs and woodlot marketin^^ bulletins, pul)iislied by 
various States, containing lists of firms making different commodi- 
ties. Ill some f)f these is given the kind of woodlot material 
purchased as raw product. 

It is well to have clearly in mind tiie different prices for wood 
products as they advance successively from the tree to manufacture 
and market. Thus the stumpage price and the market price, or 
base price, stand at the two extremities. Local and f. a b. prices 
are intermediate prices. By local ^ price is often meant that whidi 
the buyer would pay for wood material delivered at the railroad or 
other supply point The ^ f . a b.** price is the price of material free 
on board " cars at some point designated, as f. o. b. mill or f. o. b. 
railroad. It equals the base price, or price on the general market, 
minus the cost of freight from the shipping point to the market point. 

Market values of timber products may be learned from local mills 
and lumber yards, markets and jobbers in the cities, and various 
lumber journals and other publications devoted to the lumber in- 
terests. Some companies or bureaus throughout the country make 
a business of furnishing actual selling prices in the moi*e important 
lumber-market centers and listing stock for sale.^ Througli largo 
lumber manufacturers and lumber-selling associations in different 
parts of the country, base prices at stated points, and Fometimcs 
reported mill prices, tnay l>e obtaine<l. These base pi-ices show tlie 
comparative values of dilfei-ent spocics. althou^di the current scllin<j^ 
prices may in many cases vary considerably.'^ In a number of the 
northern and central States, woodlot experts are working under the 
direction of tlie State forester, to whom applications for information 
on values and prices in local and distant markets should be directed. 

For prices and specifications on crossties, requests should be made 
to the local railroad agent or direct to the general purcha.sing apents, 
whose addresses can be obtained from die passenger-service folders 
or learned by inquiring at the local .stations. Mining companies 

^The Lumbermnn's Buronn. Washlnpton. D. C. fnrnlshM such Informntlnn for tho 
eMtern rnltod States. Uranch offices are located at St. I/onl«, Mo : Mompliis, Tonn. ; 
and Hattle'i'iirL:. SIlss. 

'The Forest Sorrtce compUes qnarterlf reports of ntrn-nt naU'n and furaiRbes arerage^ 
on ii|i«clM by rcKtoaa. Theae genera! arcrages. however, arc of relatlTely Httl* nae In 
local aalev pf anall anoonts of timber. 
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furnish similar information in regard to their needs. Poles are 
purchased by electric lighting and power companies, electric traction 
companies, telegraph and telephone companies, and others, to whom 
requests for information should be sent direct. For prices on piling 
it would be well to look to the railroad and to dock, wharf, bridge, 
and bulkliead contractors in the larger towns and cities. Cord- 
wood is purchased by brickmakers, bakeries, lime-kiln operators, 
packing houses, and fuel dealers. 

Ownei"s desiring information regarding prices and the location 
of manufacturing plants will find it useful to commimicate with 
manufacturers' associations throughout the eastern portion of the 
United States, where the marketing of farm-grown timber assumes 
special importance.* The associations include in their membership 
makers of cooperage, veneer and panels, vehicles and implements, 
paper and pulp, and lumber. 




Fio. 8. — Yellow poplnr and white onk loss at a renecr plant. (Tbls class of lug Is 
worth from f.'SO to l.'iO per thousand fcot on the yard.) 

State foresters are (tften able to furnish valuable hints and other 
assistance in locating buyers of rough materials from the farm wood- 
lot, and should lie consulted by owners desiring such aid. 

SHIPPING BY RAIL. 

When a shipment is to be made by rail, obtain from the local rail- 
road agent the freight rate in carload lots for the given commodity 
lietween the shipping point and the destination. The rate obtained 
is then applied to the total weight of the commodity as shown in 
Tabli's 1 to 5. This will give the approximate but not exact cost of 
shipment. Rates for shipments in carload lots are generally quoted 

* Theso flSHOclationn are mado up mostly of monufaof un-rs. but Includo some whole- 
MilerK iind other <h>iihT!4. Lists of thoso nssociatioiiH nr" mndo up nnnuully. nnd. if dtntlrrd. 
roplcs mny l>«" <ii>tnln(Hi upon npplirnOon to tJn» ror<'st<T, Fop-st S«'rvlro. Wnxliincton. H. <'. 
A Inrice numl»er of doali^rs' nfiHociationH exint, Init nro gmaller In meml>er8hip and more 
local in character than the munufarturerH* nmsoclations. 

^ Google 
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per 100 pounds, with a stated minimum ^Yeight for which payment 
must be made. Shipments in less than carload lots are impracti- 
cable because of the very high cost. The following example will 
illustrate the method. Suppose the freight tariff on "bolts" is 6.3 
cents per 100 poimds between two specified railroad points, and a 
farmer wishes to ship a carload of dry elm bolts to a cooperage 
plant at the given destination. The material weighs 2,400 pounds 
per cord * and 18 cords are to be loaded on the car. The total weight 
will be 43,200 pounds and the cost will be $27.22 for the carload, or an 
average of $1.51 per cord. Since 40,000 pounds is the minimum weight 
for this class of material on this railroad, the least charge for a ship- 
ment by carload rates would be $25.20. Thus if less than 1C.7 cords 
are loaded on a car, the cost per cord will increase in proportion 
as the total weight of the contents falls below the minimum. The 
tariff sheet of one railroad lists 58 different commodities under the 




Fig. 0. — Hickory stock 40 inches long for ax, pick, and 8lod;;e liandles. All from farm 
woodlots. (Value at the mill from $<i to $1) for an 8-foot rick, or from to $11 
per cord.) 



heading, '* Lumber and forest products," with minimum weight vary- 
ing from 34.000 pounds for sawdust and pulpwood to 40,(K)0 pounds 
for logs, bolts, and firewt)od. For the heavy cars over trunk lines, 
and to certain destinations, minimums up to 00.000 pounds are 
quoted. Cars may not be loaded in excess of 10 per cent of their 
marked weight capacity. Usually the rate is about the same for the 
principal kinds of timber products over the same haul. Tables 12 
and 13 show the approximate cost per 1,000 board feet of shipping 
logs and lumber, both green and air dry, of different species, at rates 
of from 2 to 10 cents i)er 100 pounds. 

' Holts avomclnc I'J Inohos in diameter and 3 feet long, making; a short curd twt in 
width. (See Tuble 2.) 
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In sellirij^ lo^s and other products to ()nt>i(le markets it is a good 
(hinsr to ortWt the sale at n price for the material delivered at the 
railroad, either in the yard or aboard the cars. Then, tin' )niyer, 
rather than tlie farmer, handles the shippini^ end of the business. 
The chances aie that by tliis arrangement the farmer may realize 
more protit than if he had sold f. o. b. the destination point. 

Table 12. — Co9t of shipphuj lops, prrcn and air dr)/. per 1,000 hoard feet (Do^ie 
9cale)t at rate* o/ from it to JO cetUt per 100 pound*, 

iCffrtsrfvnn nro fnr log^ mi'-i^urine IH inches [n dlatn>-t"r wi the Rm-ill end. For 12-lnoh \ot% add inp^r rf»nt 
aiHlIor24-iucU lugs subuari 15 p«r coot ol tiie cosxs given. Wolgbts used are UMsesbowuln Table 1.) 
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' For Idock gum uae figurw for tuptlo. 
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Tabic 13. — Cost of *hi}>i>i)iii l-iitih htmbeTp ffrc<n and air dry, per tkotiMH4 
board feet, at mien o/ from 2 to 10 ccntu per hundrvd pound*. 

[W«lKht> uaed are ttiow chmi la TnUe 1.1 
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1 For silvt'r miipii- tiso rii^re.'i for blnck cherry, since the weights are about tJWAIllW. 
» For willow fit'iiros for col loiiwood, addint; ubout 30 per cent for gram lumbor. 
* For black gum use figuras for uipeto, siooo tlio vdghta aro aboat tba aaiiM. 

The amount of forest products of any kind that can be shipped in 
or on a car varies with both the cubical and weight capacity of the 
car. The following table shows roughly the amount of different 
kinds of foi-est products that can be shipped in the average 60,000- 
pound-capacity car. 
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Lumber : ~. 

Roagb board f©et__ 15,000 to 18.000 

Finished do 17,000 to 20,000 

Logs: 

LarRe, 24 inches ^do iS.000 to 7,000 

Sniall. 12 incbea do 4.000 to 5,000 

Bolts or butts o<»nls_. 12 to 16 

CoiHlwood, 4 feet-' do 15 to 18 

Stovewood, 18 ioches. J-^ranks— SO to 40 

Mine timber (see Posta^ Pole^ Logs). 

Poles or piling pieces.. 2S to 40 

Ties: 

7" by »" by 8i' do 300 

6" by 8" by 8' da 850 

6" by 8" by 6J' (mine tie) do 1,100 

Posts: 

4" tf»p. 7 feet 800 

6" top, 8 feet 500 

Tanbark — cords— 18 to 18 

Sawdust tons.. .12 to 18 

WHEN TO SELL. 

Woodlot owners do not always know when to sell standing timber 

and wIieiL to use it for local needs. In some localities it unques- 
tionably pays the farmer better at all times to sell it, particularly 
the more valuable kinds. For example, in the central hardwood 
region farmers profitably sell their select yellow-poplar trees and 
with the money purchase and haul back to the farm for distances of 
from 4 to 8 miles southern-pine sidinp; foi- their hous^ and barns. 
On the other band, thei-e nre too often instances where one finds 
choice wliite onk of the best quality for veneer or furniture stock 
sawed up into posts for the farm. 

The woodlot owiici- should keep in touch with market conditions in 
order that lie may iiiai kot his jx'odiict to the best nd vantage. With 
rarely au cxa'[)tioii tiie limlier is not dyin^, diH'a\*ing. or " groing 
hnck" by fungous or iii-int attack at tlie rapid rate ;il1e<retl 1)V 
huyei-s, who, obviously, desire to buy as chenply as possilile: and, 
unless it is o\erniature, it is inereasing yearly in volume and value. 
Cuttin<r during the early period often represents a real sacrifice in 
financial returns. The npi)r(i.\iiiiate age at which trees shoidd be cut 
in order to secure the lii<rliest net money returns per year is very 
dili'ercnt for dill'crcnt species. Thus cottonvvood, asli, aiul yellow 
poplar become comnicrcially valuable at much earlier ages than 
white oak and black walnut. 

Wien oilier farm work is least pressing the farmer should give 
attention to estimating, measuring, cutting, marketing, and selling 
his timber. Spare help and time to supervise the work make the 
winter a favorable season. It is easier to haul logs on the snow than 



Digitize<3 by <jUO^tc 



MEASUKINU A^D MABKETING WOODLOT PBODUCTS. 



87 



over ordinary roads, and the logs are less liable than at any other 
time of the year to deteriorate quickly through attacks of insects or 
fungi. 

HOW TO SELU 

The choice of methods of selling will depend largely upon the kind 
€/( timber and the owner's knowledge of its value, his past ezperienoe, 
and the condition of the market. Woodlot products are sold either 
in the standing tree or in a more or less roughly manufactured condi- 
tion. Except when sold by the lot or lump, sales are based upon a 
measure by log scale or lumber tally or upon individual count of units 
of designated size or character. 

SBLUNG BT LOT OR LUMP. 

Timlier sold by the lot, boundary, or tract is either lumped off" 
to include a designate*! tract or sold on an acreage basis. 

This methoi! has prcvailod over all others, particularly in the 
i-oufjlxT niul less ; rf tied district?. As a rule it is strongly fnvorod 
the fiun liaser because in such a transaction his better knowledjie of 
both tiii;l)('r yields and values gives him an advantage over the aver- 
ago wf)odiot owner. Many e.\aiii|)k\s of the sacrilice by the owner 
of a large share of the value of the timber can be found in nearly any 
woodlot region. On account of greater competition among pur- 
chasers and an increase in timl)ei' vahies, sak^s of stantliag timber by 
the lot or lump are now being made w ith better profit tlian formerly. 

In using this method it is very important in advance of the sale 
(1) to secure a good estimate of the amount, quality, and unit value 
of each kind of product in the stand; (2) to get bids from as many 
buyers as possible; and (3) to have an agreement clearly specifying 
the restrictions in regard to the manner and amoimt of cutting, so 
as not to impair the producing power of the forest The sale may in- 
clude only trees above a specified minimum diameter limit, or only 
such trees as have been previously marked by the owner for cutting. 
Suggestions of conditions which may or may not be included in the 
timber sale, according to the local conditions and the wishes of the 
owner, will be found on pages 43 and li. When safeguarded in the 
manner suggested above, this method becomes one of the safest and 
most satisfactory of all methods of selling and should receive full 
consideration when sales are contemplated. 

Selling by lump eliminates the anxiety and misinulerstandings at- 
tending sales by log-scale measurement. Tf coiiipetition is keen, it is 
likely that nearly or quite the full value of the timber will be reached 
in the bids. By this method the owner foregoes the opportuiiity of 

Erofitable employment for himself and his teams which he would 
ave if he logged the material and sold it after hauling it to the 
mill or shipping point. 
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Unless restricted by the terms of tl»e agreement, the buyer usually 
cuts very closely. Selling l)y the lot is therefore a good method to 
use where the owner intends to clear the land for other uses. For 
the same reason, if the land is to he kept in timber, the owner should 
make provision in the contract of sale to retain suflicient control over 
the logging operations to protect the young growth and provide for 
a future crop. The importance of care in tutting, ou account of its 
effect upon the succeeding growth and pn:duction of tlie stand, can 
hardly be overstated. 

SELLING BY LOG SCALE. 

Timber is sold at a certain price per thousand board feet, measured 
in the log.* It is .sold either " in the tree," in which case the value 
of the standing timber is all that is considered, or in the log. cut and 




F- twnm 

I'll;. 10. — A black wnlnut log, 35 InchcH In top dlnnn'tor I>.v 12 fwt In IcnRth, which 
brought $i:;r» jmt thouH.in(l foot, or ?{>."». S."i for llie los, at the railrnad. (The origi- 
nal owner, a farraer, sold the wliolc tree, slmullng, for f •">(» ; the buyer felled it. at n 
cost of fl.*!, and sold U there for Jl'JS/JO : It was rewild without b<ing moved for 
;fIG-1.84, nnd Inter sold to a large Hewing-machlnc factory.) 

delivered at some designated point, in which case the price is based 
on the stumpage value plus tlie labor of cutting and transportation. 

The chief concern of the owner in selling his standing timber by 
this int'tliod is to determine in advance tlie true value and price to 
be charged per unit of measure. This may be secured as (1) an aver- 
age or "woods run" for the entire lot, or (2) separated by species 
and, if desired, by grades under each. The latter is the more accurate 
and satisfactory method. How to ascertain stumpage values is dis- 
cussed on page 27. The owner has the choice of selling only selected 
and marked trees, or all trees above a certain diameter limit and none 

* In regions where Halen are Nmnll nnd values hluh. It Is frequently customary to boj 
nnd S4>ll tlmlx-r by the hundred rather than thousand board feet. 
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others, or, if he chooses, all merchantable trees. Selling only mnrked 
trees gives very good results indeed when the selection is i)roi>erly 
done; selling to a diameter limit follows in preference; selling all 
merchantable trees should not be used in connection with tiiis method, 
but restricted to sales hj the lump or lot, in order to secure full 
utilization of the lower grades. 

Selling standing timber, to be paid for on the basis of the amount 

determined by scsuing up the logs when cut, is one of the most com- 
mon of mctlioJs. A gooJ mnny sales nro made where the owner cuts 
and (It'll vers (lie lofjs to the mill or shipping point. Becaupe tbo n vor- 
age farmer is not usually et^uipped to do an extensive biKsiuuss of 
this character, the method is mostly confined to rehitively small 
sales and often to the higher- [>riced woods, such as white oak, yellow 
poplar, white ash, or black walnut. In selling by the log, the owner 
who measures ;md grndos his timl>er,' even though he docs it roughly, 
has an advantage over one vviio is obliged to accept without a dieck 
the scale and inspection of the purchaser. In case he has not sullieient 
experience himself, it will usually pay the owner to hire, if necessary, 
a competent person to give him instruction in the work. 

The contents of trees are more valuable when cut into logs and de- 
livered at the miU or on board cars; and by doing this work himself 
the owner may share the legitimate profit derived from the enhanced 
value of the commodity. This additional profit can usually be fig- 
ured as from 20 to 30 per cent of the cost of logging and hauling. 

SBLUNG BT COUNT. 

Poles, piling, croi^sties. small mining timbers, cordutmd, etc., 
are sold by individual ctjunt of units of specified si/.es.* The smaller 
sizes of bolts, for e.xample. are sold the saujc as fuel wood by the cord. 
Because of its simplicity and ease of applicaticn, the method has 
much to recommend it for use wherever it can be applied in woodlot 
sales. 

8BLLIN6 BT I^UMBIR TALLY. 

There are two ways of selling timber to be paid for according to 
the amount of lumber sawed from it in the mill. In the one case, the 
woodlot owner takes no part in the logging and sawing, but dis- 
poses of his standing timber at a stumpage price per thousand feet 
of lumber actually produced at the mill. This method of sale is 
desirable where conditions are such that the material can more easily 
or more reliably be measured and checked after leaving the saw 
than while in the log. It is more applicable also to stands of timber 
consisting of only a few species than to a mixture of many different 
kinds. Since mill scales as a rule show from 15 to 80 per cent over- 
run in excess of log scales in common use, the owner secures returns 
on the full amount of the product sold. In the other case the owner 
personally takes charge of the logging and nulling and markets the 

> Bee p. 14 for scallns and p. 2 for sradiog. * Sec pp. 7 to 12 for flpcclflcations. 
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mannfnctured product. If suooessful in marketing, he secures the 
full .value of his stumpage and, in addition, a share in the profits 
deriTed from the operations of logging and manufacturing. Time, 
knowledge, and experience necessary to supervise the actual opera- 
tions or contract for parts of it, and capital to finance and cany on 
the work are requisites. 

In this oonnecti<»i it should be clearly recognized that primarily 

the farmer is a producer and not a manufacturer. His concern, 
tlierefore, is in producing and disjwsing of the raw product, or the 
timber as it stands in tiie tree, rather than in logging and nulling. 
However, with teams, wagons, and spare labor avaiuibfe, particular^ 
during the winter months, he can often find profitable emplovment 
in lo^'irinu, or at least in hauling the logs to the mill or shipping 
point. The sawing must usually be contracted for, because the in- 
vestment in sawmill and nower outfit would entail too great an ex- 
pense. In milling and selling, the farmer usually works at a great 
disadvantage, because he must compete with men whose entire time 
is devoted to the business. Unless the owner has a definite contract 
before Ix'ginning sawing, he is very likely to find himself later on 
with lumber on his hands for which there is little demand. 

KXAMPLBS OP MARKBTINa 

The advantage to be gained through a knowledge of marketing 

timber is best shown by a few actual examples : 

(a) A woodlot owner in Maryland received an offer of $l,r)00 for 
a tract of timlnT, which he was inclined to accept as a fair price. 
Before the sale was made, however, he requested the advice of the 
State forester as to the amount and value of the timl>er. As a 
result the State forester made an examination of the tract, estimated 
the market value of the timber, and furnished the owner a list of 
timber operators who might be prospective buyers. The timlaer 
was then publicly advertised, witli the result that the man who ha<l 
previously made the $1,500 olTer raised his bid to $1,500, and the 
sale was finally made to another person for ai)ont $5.r)00. Only three 
montlis elapsed between the date of the first olTer and the linal sale. 
Not only was the original otl'cr increased by nearly 270 per cent, but 
the wocnllot was also left in excellent condition. This was ac«<>ni- 
plished by having the trees to l)e cut sele< ted and marked by the 
State forester with a view to leaving the young growing tirnlu'r nn 
the ground, togctlicr with suflicient seed trees to restock the o])cii 
])la<i'S. The contract further call<'<l for close utilization 1)V cutting 
the stumps low and using to small diameters in the tops, the lopping 
of tops f(»r cordwood, and the scattering of the remaining brush. 

{h) An 80-acre farm in south central Michigan had on it a 10- 
acre woodlot, containing about 48,000 board feet of basBWood and 
about 12,000 each of hard maple, soft maple, red oak, soft elm, ash, 
and beech. The trees were overmature, many of them hollow ; and 
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the owner knew he ought to " sell them to save them." Timber on 
an adjacent 10 acres had previously been sold for less than $100 per 
acre, or a total of about $1,000. Even this value compares well with 
incomes commonly obtained from wootUots in southern Michigan. 
Instead of selling on the first bid made, however, the owner, acting 
on the advice of an expert attached to a near-by forestry school, 
wrote to a nuniln'r of wood-using firms in different cities, from some 
of whom, after examination of his timber, he secured bids on the 
different species in his woodlot. -tVs a result of his bargaining, he 
i*eceived for his stumpage sums amounting, in the aggregate, to 
nearly $2,000. For his red oak, bought for quarter-sawing by a 
firm outside the State, he received $21 per 1,000 board feet. His 
other trees were purchased by veneer companies, the basswood re- 




F-4 y»HM 

Fio. 11. — A mUl sawint; posts and buurds from red cedar gloaDcd fruiu farm woodluts 

und pastures. 



turning $19 per 1,000 board feet, ash $10, elm and hard maple $14, 
soft maple and beech $12. 

{(') An owner in northwestern Ohio received bids of $550 and $G00 
lump sum for his timber. Following the advice of a relative who 
had previously run a sawmill, he engaged a portable mill, sawed 
out, and sold the following at the prices named : 

(1) Whlto oak luitts, roufjh luml>er for wagon stock, hickory butts for 



l>aii(ls, niul eliu liutts for hoops, sold for .$1, SHO 

(2) Karn frame, cut and used on the farm, value 600 

(3) iVMl railroad ties, sold f<»r U.'K) 

(4) lialiiiR-e, consisting of ciieaiH'r iM»les. " sap timln'r. cull, and refuse" 

sold to the buyer who had oflferetl $000 for the standing tiniher for_ 3.10 



Gross rtH-eipts from timber 2, 5.t0 

Total cost of o|H»rati()n 1. ir»0 



Net for stumpage value and protit 1,400 
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It w 'lW be noted thai $GUO was the highest bid received for the 
standiii<2; timber, whereas he clenred $1,400. 

(d) 111 wfstt-rn Oliio, a woodiot owium- who had carefully pro- 
tected his best timber for many years accepted in 1014 a local biiycK's 
lump sum oiler of $260 for the timber on 0.5 acrea. The trees were 
tall, clean, good-sized white and bur oak of high grade. By a care- 
ful measurement of the stumps and tops, made just after logging, 
the writer iountl that the tract had yielded nut less than 14,r)00 
board feet per acre, or a total of something over bl,jUO board feet." 
A fair price for this quality of timber would be $17 per 1,000 feel 
on the stmnp. At this rate the timber included in this sale was 
worth not less than $1,436, or $1,176 more than the farmer received 
for it. Though this may seem to be an extreme case, mistakes only 
slightly less striking are common. 

TnfBER-SA.UI CONTRACTS. 

The woodiot owner should draw up a wiitten contract covering 
every sale of woodiot jHodiii ts. Even in Hniall sales much trouble 
and financial loss Iiuve resulted from iailure tu put the terms of the 
sale in writing. 

The primary aim of the seller should be to make absolutely clear 
the conditions under which he desires to dispose of his product 
The essential conditions to be inserted in the complete form of 
timber-sale contract refer to (1) description and location of the 
timber; (2) price and manner of payment; (3) conditions of cutting 
and removal ; and (4) title and means of settling disputes. Under the 
third heading are put down the provisions regarding the duration 
of the contract, the marking of the timber, the diameter limits, the 
method of scaling, merchantability, the degree of utilization, and 
protection against injury. 

As an aid to those unfamiliar with such agreements, a sample eon- 
tract is given, showing the more important provisions that diould be 
included in a contract for the sale of marked trees to be scaled in 
the log. Substitute clauses are given for use in other kinds of sales. 
No single form of conti act will suit all classes of sales, but owners 
of woodiot timber should have no difficulty in adapting this con^ 
tract to their use. 

Saicplb Timber Sals Oontbagt. 

TtMBER CONTBACT. 

AoKKKMENT entoroil into tills 10th day of November, 1015, between Jnnios 
Boyil. (»f Conterdnio, Ohio, hen-inaft* r cuUtH] (h«* sollor, and llKnnas B. McCortU 
of Ni'W Albany, Ohio, hereinafter called the purctiuser. 

WrrNEMSKTU : 

Artk rjs I. The mller afrreeei to sell to the pnrchamTf upon the term and 
4>«Mi4lltloiiM hereinafter Mtated. all the living timber marked <ir denlinnated bjr the 

* Alluwiii}: 10 p4*r Lfur dfMlurtiuo for prwHiiilp further defect than was ootfd. 
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teller and nil niorelmntublc dend timber, standing or down, estimated to be 
?i4,(VK) hoard feet, more or less, on h rertaiii tract of land situated in the town- 
8liip of Cemertlale, county t»f Tomi»klns, State of Ohio, and locateil on the farm 
belonging to the aeller, and about one-half mile west of his farmhouse. 

AsncLK IL The pwrdiaeer agrees to pay tbe adler tbe mim ct eeven biindred 
doUara ($700), more or less, as may be determinetl by the actual scale, at tlie 
rnte of fourteen dollars } pt r thousand board feet for white oalc and 
white ash, twelve and 50/l(X) dollars f?!!*.')©) for red onic and hiolcory. eight 
dollars ($8.00) for sugar maple and beecli, and six ilollars ($6.00) for black 
gum, blue beech, and Ironwood. payable prior to tbe date of removal of material, 
in lortaUments of two hundred dollars (ISBfX)) each. 

Ar.TK Tjc TTT. The purcha.ser further agrees to cut and remove satd timber In 
strict accordance with the foilowlnf? wnditlons: 

1. UnlesH extension of time is granted, aii timber shall l>e cut, paid for, and 
removed on or befbre March 80^ 191& 

2l Saw timber sball be scaled by the Doyle log rttle» and measured at the 
small end along the average diameter Inside the bark. 

The maxiinnm scaling length of lo^s shall he in feet ; greater lengths shall 
be scaled as two or more logs. Upon all logs an additional length of 4 incb^ ' 
shall be allowed for trimming. Logs overrunning this allowanre shall be 
scaled not to exceed the next foot In length. 

4. No unmarked timber of any kind shall be cut, except black gum, blue beech, 
and lrfinwoo<l. 

.'). Stumps shall Ih» cut so us to cause tlie least ix)ssil»le waste; stumps of 
trees up to 10 iiiclies in diameter not higher tluin 12 Inches above tlie ground, 
and those of trees above this stse at a distance above the ground not greater 
than thr«>e-fourths of tluMr diameter, , 

6. All trees shall he iit!);7<Mi in their to the lowest possible diameter for . 
couiniercinlly salable material. 

7. Young trees shall be protectetl uKadnst uniiecessairy injury ; only dead 
trees and tbe less valuable kinds may be used ter etmstmetlon purposes in 
connection with lumherlng operations. 

8. Care shall i>e exer< ised at all timcs by the purchaser and his employees 
agailnst the si)read of lire. 

Article IV. It Is mutually understood ami agre^-^l by and between the 
parties hereto as follows: 

1. All timber Included in this agreement shall remain the property of the 
seller until paid for in full. 

2. In case of dispute over the terms of this contra<'t. final decision shall rest 
with a reputable person to be mutually agree<l upon by the parties to this 
contract; and In case of further disagreement, with an arbitration board of 
three persons, one to be selected by each party to this contract and a third 
to be the State. forester or his chosen representative. 

In Witne-ss WiiEKRoF the parties hereto have hereunto set their hands and 
Heals this da>- of 19 . 

Witnesses : 



The follt)win«x arc spctiint'iis of <'laiises that bhoiikl be substituted 
in the contract when otlier uiethcMis of sale are used. 
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In lump-sum sales substitute in Article I a descriptive clause 
modeled on this one: 

All merchantable Uvlng trees, except yellow poplar, white ash, and baaswood 
which ifaeaanre 13 Inches and below in diameter at a hal^t of 1 foot above th^ 

gronnd.' 

This provision will reserve the basis for a second crop consistingj^ 
of the more valuable and rapid-growing kinds of trees, and remove j 
all of tiie inferior and slower-growing trees. 

In a sale to a diameter limit the clause should read somewhat 
as follows: 

All mpri-tinntable liviiit; trees. 14 Inches and over, meamired at the height of 
1 foot above the ground. 

The payment clause in lump*sum sales should be varied to read 
something like this: 



Other clauses which might be included are those requirmg that the 
timber shall be scaled in the presence of Uie seller or his nnthoi ized 
agent; that the log lengths i^all be varied so as best to utilize the 
timber; that unmarked trees, if cut, shall be paid for at double the 
regular price; that tops left in logging shall remain on tlu' tract for 
tlie use of the seller (or, if desired, shall be utilized by the pur- 



In selliii^r by lump the ollu r essential change is to omit tiie pro- 
vipions, or p;u*ts of them, rcfcning to scaling, measuring, and unit 
prices. The total amount to b<' paid is very important, while the 
total estimated quantity of timber is optional. 



Practically all that has been said in regard to the marketing of 
lumber by the farmer applies equally to tlie owner of a small port- 
able sawmill. The small millman^s intei-est is closely related to that 
of the woodlot owner, ance the prosperity, success, and profit of 
both are dependent Upon the millman*s ability to manufacture care- 
fully and market to good advantage. If the mill man shows good 
management in handling his business, the farmer who sells him his 
raw materials is certain in the end to obtain larger jirices for his 
Htimipnge. In fact, practical nssistance in marketing given to the 
small millmen will undoubtedly prove cflective in assisting the 
small ()\\ner to secure the full value of his timber. 

It is to the ad\ anta;rr <»f botli the uoodlot owner who manufaetiii'es 
his product and the millinaa who huy.s and saws the farmer*?) stand- 
ing timber to work up the logs into the most salable form. In ad- 



• • • the snm of dollars ($ ) f< 

to the cutting of the material, in Instnllnients of 
payalile on or before , rospfH't!v(»ly. 




) each, * 



. chaser). 



THE SMALL SAWMILL. 
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yance of sawing it is well to secure a definite contract, or at jeast 
follow a lumber bill which conforms to standard market require- 
ments of special industries. Advance orders call for stated quanti- 
ties of material of specified kind, sizes, and grades. The operator 
of a small portable sawmill is likely to lose money if he saws with- 
out due regard for the market requirements in material, sizes, and 
grades. Investigate the market first, then proceed to cut up the 
timber. This applies equally to cutting up logs in the woods and 
running tlie logs tiirough the sawmill. (Jreat waste, with conse- 
quent reduction in profit, results from failure to locate the market 
before beginning to harvest the crop. Undoubtedly, the present cus- 
tom had its origin in the customary method of harvesting field crops. 
The timber crop is, however, essentially different from the field crop 




F-MOtO 



Piu. 12. — Portable stratu iiawmlll cuttinpr a log of maximum size for the saw. 

in one respect, namely, that there is seldom any necessity for quick 
harvesting. 

COOPERATION IN MARKETING. 

There is unquestionably a clear and definite need for cooperation 
among owners in the selling of woodlot products. The average 
farmer by himself acts at a great disadvantage, because the whole 
field of caring for growing timber, selecting trees for cutting, and 
finding tiie best market is unfamiliar gi-ound. 

Because he has not a carload lot of a particular kind of material 
and shipment by local freight is absolutely prohibitive, the woodlot 
owner is obliged in many instances to cut up choice kinds of ma- 
terial into very inferior products; for example, he may find it neces- 
sary to turn clear white oak or black cherry into railroad ties and 
sell his material at a great sacrifice to a loc*al buyer — a middleman. 
Several farmers acting cooperatively could market their black-wal- 
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nut logs, basswood. hickory or oak bolts, piling, or other products 
direct to the wholesaler, manufacturing plant, or user at greatly 
increased profits over those received from their individual sales. 

The services of a reliable and experienced timberman as adviser 
would be extremely helpful to the majority of farmers. The services 
of such a man, who is known to be working in the interests of the 
farmer, are needed: 

(1) To estimate the contents and market value of woodlots. The 
owner will then be in a better position to decide how to sell most 
profitably. 




F-tllU 

Fio. 13. — \ northern woodlot yloldinff a by-product of much value. (The mnplo-slrup 
industry hrlnjfs pood wn};es to the farmer and his teams during a dull season on the 
farm.) 



(2) To suj>ervise the marketing of timber in carload lots. Because 
of liis superior knowledge such an adviser will be much better fitted 
to secure current market prices than the average farmer. 

In regions where timberwoik has l)een going on for many years 
men of the neces.sarv nualifications will be quite readily found. They 
should be selected under the approval of the State forester in States 
where such an officer is employed. The farmers' timber adviser 
should be clearly identified witfi such organizations as the county 
improvement associations or with the State Extension Service. The 
farmer might pay a fsiir price for each pie<'e of estimating and sell- 
ing, or eath county might employ a man whose duty it would be to 
advise the farmers. Several farmers acting cooperatively could se- 
cure the services of the timber agent at relatively small cost to each. 
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No attempt is nwde here to work out and recommend a plan of 
cooperation. This oouid undoubtedly be effected through the aid 
of the State and Federal Governments in conjunction with the pres- 
ent farm demonstration and management movement for better buy- 
ing and selling on the part of farmers. Groups desiring to effect 
permanent organization can secure assistance and information as to 
methods niul procedure from tlie inarketinfT nnd rural organization 
specialists of the United States Department of Agriculture. 

HOW TO PREVENT THE DETERIORATION OF CUT WOODLOT 

PRODUCTS. 

A good rule to follow is to allow as little delay as possible between 
the fellin^r of the tree and its manufacture into rough products. This 
means that sales should be arranged for prior to beginning cutting. 
It is often necessary or desirable, however, to put off the deli\ery of 
logs, bolts, polos, etc. until some months after cutting, eitlier in order 
to allow them to Muson or liocntisc n irood sale can not be arranged 
at once. A great deal of tlie weigiit of freshly cut products is (hie 
to the water they contain, and a few montlis' seasoning will often 
reduce this to a marked degree, the amount of reduction dependintr. 
of course, on the climate, tlie weather, and the exposure to sun and 
air. At the same time, unless preventi\e measures are taken, the 
products are sure to deteriorate through decay, insect attack, clieck- 
ing, or some other agency. A certain aniount of deterioration is 
apt to take place in any case if the delivery is |)ut olF for some time; 
but the amount can be greatly reduced by proper pre\ entire measures. 

Logs and other round limber shoukl never be allowed to remain 
long in the woods after cutting. As soon as possible they should be 
taken to a dry, well-aired, and unshaded area and placed on skids 
well off the ground; otherwise the opposite exti*eme should, if pos- 
sible, be adopted, namely, of keeping the timber in water. Within a 
few days after the trees are felled the bark should be removed from 
poles, posts, and other material which will not be injured by check- 
ing or season cracks. The ends of logs should be coated with paint, 
creosote, or tar. This will not only assist in preventing decay, but 
will also retard seasoning to some extent and thus keep the logs from 
checking badly. 

Poles should be peeled, and hauled or dragged to a place free 
from debris or rank vegetation and freely exposed to sun and wind. 
There they should be rolled upon skidways not less than 18 inches 
high, so that no part of them will rest on the ground. There should 
be only one layer of poles on each skidway. When ties are cut, it 
is usually cheapest and most desirable to haul them, unseasoned, 
directly to the railroad and there pile them according to the speci« 
fications furnished by the tie buyer. 
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Cordwood should be stacked in loose piles in a sunny, well-aired, 
and well-drained place free from rank vegetation. Two ftieks on 
the ground running Che length of the pile will keep it froip contact 
with the soil and thus proTent decay in the lower layers. 

PRACTICAL HELPS IN MARKETING. 

The following suggestions may be helpful to the farmer in sell- 
ing his woodlot products: 

(1) Find out from as many sawmills and wood-using industries 
as possible ^ Uat prices they offer for various wood j)roducts, in 
order that advantage may be taken of the best market. This applies 
to sales requiring shipment as well as to local sales. 

(2) Before selliii'r. inquire from neighbors who have recently 
disposed of their timber and use their experience as a frnide. Failure 
to do this has resulted in many instances in not getting the full 
value of the product. 

(3) Thorouj^hly investigate nil local timber requirements and 
prices, since in many cases local niarketi> pay better pri<'(>s than out- 
side markets because of the saving of transportation charges. 

(4) Advertise in the papers and otlierwise secure comi^tition 
among outside purchasers. The expense will be small and outside 
buyers v'U thus learn of chances to bid on timber in comi)etition 
with loc. buyers. 

(5) Secure bids whenever ]>racticablo both by the lump and by 
log-scale measure. A choice is thus offered and the more proUtable 
form of oid can be accepted. 

(6) Consider the responsibility of the prospective purchaser be- 
fore making the sale, in order to avoid slow payment, costly collec- 
tions, and losses. 

(7) Prior to making sales, secure at least a fairly good estimate of 
tlie amount and value of the material for sale. Persons acquainted 
with the business of measuring or estimating timber can usually be 
found in every region where timber has been handled in the past 

(8) Market the higher grades of timber instead of using them on 
the farm for purposes for which cheaper material will i)rove as 
serviceable. This should be done in many cases even if it makes 
necessary the purchasing and hauling of lower priced lumber to the 
farm. Markets which pay good prices usually buy on grade and 
inspect closely. 

(9) Remember that standing timber does not deteriorate rapidly 
nor do the uses of wood change greatly within a few years. The 
owner, therefore, is not forced to place his product on the market 
regardless of market conditions. 

•^10) Use a written timber-sale agreement in selling woodlot tini> 
ber, particularly where the cutting is done by the purchaser. 

WAaBlffOTOIt : OOTSKiTMSirT PRmiMO OITICM : m« 

Digitized by Googlc 



4 



rhe Cornell Readimt'<iov»ie8 



PUBLISHED BY THE 
HBW YORK STATE COLLEGE OF AGRICULTURE AT CORNELL UNIVERSITY 
Entered as <iccon<I-< Uss m.it'.cr ul the post office at Uh u », N'-w Yor'rc 

A. Stocking, Jr.. Acinic Director A. R. Mann, General Editor 

COURSE FOR THE FARM, ROYAL GILKEY, SupwTlMr 



OL. III. No. 6, .^PRIL 15. I9'4 ^^"^ ^''^o':^^ ^"^^ 



l^THODS OF DETERMINING THE VALUE OF TIMBER IN THE 

FARM WOODLOT 

John Bbntley. Jr. 

Persons who have read the fixst munber^ of the Fann Forestry Series 
«^ Reading-Course lessons have learned something about the proper 
laoagiement of trees in the farm woodlot in order to obtain their 
est growth; also how to make cuttings in timber so as to improve the 
condition of the remaining trees. The object of all work in forestry is 
Hie production of worxl and lumber for use. Since this jjfoduct has a 
'al value, thr q'u <;tion may very properly arise: " How can I estimate 
jc value of my limber' " 
In many parts of the State it is not uncommon to hoar of timber being 
)ld by the piece or by the acre, without any reference whale\ er to the 
.mount of lumber ur conlwood there is in the woodlot, and regardless 
)i the true value of the product in the mark<'t. What takes place usually 
b this: A portable sawmill outfit passes through the region; a woodlot 
wncr who needs to raise a little ready money hears of it and offers his 
'ml>er for sale, or jx-rhaps the sawmill owner has noticerl a good jjioce 
i timber and approaches the owner with an olTer. The sawmill owner 
nows that the majority of farmers have no means of teUing exactly 
*hat their timber is worth. As a result the timber is often sold for a 
mi of money much smaOer than it is really worth simply because the 
mter of the woodlot is ignorant of timber values and of how such values 
1^ determined. In many cases timber has been sold for less than 
alf of its true value. It is therefore worth while for the farmer to inquire 
to the matter of timber values, and before accepting any offer for the 
imbe r in h is woodlot he should ask himself these questions: " Is the 

> K< aainK-rourae LcaMO for the Farm, Vol. I, No. 12, Parm Forestry Series No i. "The improve* 

ri*at of the woodlot." 



Digitized by Gopgle 



134 



Thb Cornell Rbading-Coursss 



timber in my woodlot worth $2 a thousand on the stump, or is it worth 
$10 a thousand?" How many thousand feet of lumber can a 
skillful sawyer obtain from my woodlot?" "How much does it 
cost him to cut the trees, haul the logs to his sawmill, and saw them 
into lumber? " "Am I getting all that I can get, or should get, for my 
timber? " A few farmers can answer these questions for themselves, or 
can seek advice from some one in the neighborhood who has had experi- 
ence in buyinp: and seUing timber, and who knows timber values. But 
there are many jiorsons in the State who desire definite knowledge con- 
cerning the way in which the value of standing timber is determined. 
It is the purpose of this paper to discuss ways and means of finding out. 
first, how much merchantable timber there is on a given piece of land; 
and secondly, how much that timber is worth in the market, under given 
conditions. The whole subject can be dealt with to the best advantage 
by a discussion of the following subjects: 

Units of measurement in common use 
The board foot 
The cord 
Standards 
The cubic foot 

Poles, posts, railroad ties, and other units 
Reckoning the contents of logs in board feet 

Log rules: their construction and application 

Factors affecting the boeicUfoot contents of logs 

Relations between board measure and cubic measure 

Relations between cordwood and cubic measure 
Scaling 

Methods of estimating the merchantable saw timber in a woodlot 

The tree- to- tree count 

Volume tables 

Area methods 
Methods of estimating the cordwood in a woodlot 

Cordwood tables 

How to deterrosne the stumpage value of timber under different con* 

ditions 
Summary 

UNITS OP UBASURBMBNT IN COMMON USB 

The board foot 

Most lumber is sold by the thousand feet, board measure (M feet, B. M.), 
and the board foot is by far the commonest unit of measure in use. For 
example, we may learn by inquiring at the nearest lumberyard that 
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hemlock is selling at " $22 per rnousand." or Llial white pine is worth 
" S,^5 per thousand," The meaning' in each case is that a thousand feet 
of lumber of that particular kind is worth the price stated. The price 
vari^, of course, with the many grades of the lumber and with the 
supply and the demand. A board foot — one of the thousand thus 
spoken of — is a board one foot long, one foot wide, and an inch in thick- 
ness, or its equivalent. Theoretically it should be exactly of these 
dimensions, or their equivalent, and 12 board feet should constitute a 
cubic foot; but for several reasons the term " board foot " is sometimes 
rather loosely applied, and a solid cubic foot of timber never yields n 
board feet in inch boards. 

Board-foot measure is applied to lumber other than inch boards; planks, 
scantUng, dunensaon tunbere, and other pieces more tban an inch in thick- 
ness are also redeemed in board feet. Thus a plank s inches thick, 1 fool 
wide, and n feet long, contains 34 board feet; a " two-by-four '* 12 feet 
long contains 8 board feet The rule for finding the board-foot contents 
of any regular piece of sawed lumber may be stated as follows: 

Multiply the width by At thickness of the board {or other piece) in inches, 
and muUipfy Utis product by the len^ in feet; dinde the residt by 12, 

Sometimes planks and dimension timbers will be sawed slightly less 
than the full number of inches called for. Thus, on dose measurement, 
a two-by-four may be found to measure only 1} x 3} indies, or the thick- 
ness of a plank that is supposed to be the full two inches may prove to 
be but 1 1 inch. This practice is em])loyed by some sawmills, and the 
contents of the timbers is roc koncd as if the full thickness were provided. 
Again, if inch boards are planed on one or both sides, or if flooring is tongued 
and grooved, the pieces will be slightly less than the full inch in thickness 
or slightly less th»i the specified width; but they arc nevertheless reckoned 
as full size, because in the beginning a board of full size was used to pro- 
duce the finished, planed board. These slight differences in actual thick- 
ness are understood by the purchaser, and there is no intention on the part 
of the manufacturer to defraud; it is simj^ly customary to reckon in board 
feet, as if the material were the full size. 

A special stick is snm<>iimes used by lumt)er-inspectors, which show's 
at a glance the board-foot contents of a piece of lumber wheti width, 
thickness, and length are known. Such a stick simplifies the calculation 
of the amount of lumV>er in a number of boards when a large shipment 
of dilferent sizes is being loaded. 

The cord 

Perliajjs the next commonest measure for wood is the cord. "Wood 
intended lor fuel, for paper pulp, and the like, is usually measured by the 
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cord, which is a convenient unit for sticks that are too small or too short 
to be scaled by the board fool. By a " cord " is understood a pile of wotxj 
cut into four-foot lengths and stacked so as to be four feet hij]fh and ei^^ht 
feet ]onf^. It may also be defined as 128 cubic feet of stacketi wood. 
Unless otherwise' specified, the full cord, as defined above, is understood. 
Sometimes wood only iS or 24 inches in length or, indeed, any other odd 
length is stacked in piles 8 feet long and 4 feet high, and passes as a cord. 
It is generally understood, however, that such a pile is a short cord," 
and the price of such wood is adjusted accordingly. The factors that 
influence the actual contents of a cord of wood are discussed on 
page 142. 

Sta)hLirds 

In some parts of the State, notably in the Adirondack mountains, a 
log 13 feet long and 19 inches in diameter at the small end is spoken of 
as a " standard." The use of this unit of measurement dates back to 
the early days of lumbering in the Adirumlack mountains; an<l to a limited 
extent its use still persists. Since a standard is roughly equivalent to 
200 board feet, it is frequently reckoned as " 5 to the thousand," In 
New Hampshire and elsewhere, other standards are in occasional use. 

The cubic foot 

While common among foresters who are making a careful study of the 
volume grov^i:h of trees, the use of the cubic foot as a commercial unit 
is not common at the present time, although it may Ix^ ado[)ted in the 
future as timber l3ccomes scarcer and lumber more valuable. Even now, 
certain tropical woods of great value are bought and sold b\' the cubic 
foot. Lung-euntinued usage has made the board foot and the cord the 
two commonest units, however, and for the reason that everybody is so 
familiar with them it will doubtless be a long time before the cubic foot 
will supplant them. 

Poll's, posts, railroad tics, ami otiicr units 

Such pieces as poles, posts, and lies are sold by the separate piece. 
The piece of timber must generally satisfy certain dimensions as to length, 
width, thickness, diameter, or girth. When different sizes are recognized, 
the value of the piece is deteniiincd by size and quality. 

Railroad ties, for exumple, may be standard gauge ties or narrow gauge 
ties or ties of special sizes, such as those used under switches or on bridges 
and trestles. It is also customary to recognize certain grades, or qualities, 
in ties. According to specifications furnished by the New York Central 
Railroad, ties are classified as follows: 
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All ties shall be 8 fed 6 inches (8' 6') long and sawed square at both ends. Not 
more than one inch variation in length, over or under the specified length, will be 
allowed. 

Class A: Pole tics must be 7 inches thick and not less than 7 inches or more than 
12 inches wide at any point on the face, and shall be hewed or sawed on two parallel 
odes. Only one tic shall be made from the section ci a tree. Sawed ties most be equare 
on four sides, 7 inches thick, and 9 inches wide. 

Class A ties are reckoned as equivalent to 44 board feet each, or 23 to the thousand. 

Class B: Ties may be hewed or sawed on four sides to aiae 6 z 9 inclies. Two or 
more ties can be taken from one secticm of a tree. 

Class C: Ties may be 6 inches thidr with face not less than 6 inches at any point 
(not over 25 per cent shall have this minimum width) and m:t\- V>? hewed or sawed on 
two sides; or 1$ hewed and sawed on four sides they may be 6 mches thick and not less 
tium 8 indies wide on the face. This class includes also ties with slight splits and other 
minor defecU that do not materially impair the usefulness of the ties, but exclude 
them from Class A and Class B inspection. 

Tics must be piled in accordance with kind and class. 

Hie prices paid in 1914 will be: 





Class A 


OassB 


CIassC 




70 cents each 
55 cents each 
65 cents each 


63 cents 
45 cents 
60 cents 


55 cents each 
Not taken 
50 cents each 







Poles may be of any specified length, tisually in multiples of 5 feet, as 
35, 30, 3S, 40, 4S» or 50; and they must be 7 inches in diameter at the 
top. They range in price from about $2 each for as-foot poles to I9 
each for 50-foot poles. 

Pasts are usually 7 feet lo^g and of a specified diameter or girth al; the 
small end. Values for posts dejiend on whether thoy arc split or routid, 
and whether of a durable sprrirs or a short-lived s]>ecics. Definite values 
are hard to f;ive. They may range from 10 to 50 cents each, according 
to size, species, and (luality. 

Pieces of small girth arc frequently sold by the linear foot, or the running 
foot. This means that the value of the piece is determined by its length 
alone, no attention being paid to the diameter or the girth. 

^ther special units of mcaiiurement may be met with occasionally, but 
those named in the preceding paragraphs are the commonest. Since 
stumpage values are uhnost always reckoned in terms of board feet, the 
methods of determining the contenU of logs in this unit will first be con- 
sidered in some detail. 

RECKONING THE CONTENTS OP LOGS IN BOARD PEET 

Log rules: their construction and application 
It is frequently necessary- to have some means of determining about 
how much lumber can be obtained from a soiuid log when its length and 
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diameter are known. In order to meet this demand, tables have been 
constructed, some from mathematical formulae, others from drawn dia- 
grams, and still others from actual mill tallies, which attempt to show 
the contents in board feet of sound logs of different lengths and diameters. 
Such tables are called log rules, log tables, or log scales, and may be ioxmd 

TABLE I. BoAai>-PooT CoNTBNTs op io-foot, 13-foot. 14*poot, and 1 6- foot Logs, 
6 to 40 Tmchks in Diameter, by the Universal Rule and tue Scribner Rule. 



Vniverwl rale* 



Scribner nilet 



Lcn£tb of log (feet) 



Length of tog (feet) 





lO 


12 


14 


16 


Diameter 










of log at 


Board 


Board 


Board 


Board 


■flUkU end 


feet 


feet 


feet 


feet 


(inehci) 










6 


9 


II 


la 


14 


» 


14 


17 


ao 


31 


8 


30 


34 


38 


32 




27 


33 


38 


44 




36 


43 


so 


57 




45 


54 


63 


72 






66 


78 


89 




1? 


So 


94 


107 


14 • 


79 


95 


III 


127 


IS 


93 


III 


ij'> 


148 


i6 


107 


129 


150 


172 


17 


113 


148 


172 


197 


I8 


140 


168 


196 


223 


19 


1S7 


189 


330 


252 


30 


176 


311 


346 


383 


31 


196 


33s 


274 


313 


23 


217 


360 


303 


347 


a J 




386 


334 


383 


«4 


201 
2ft6 


314 


366 


410 


as 


343 


400 


457 


a6 


311 


373 


435 


497 


»7 


35 


404 


471 




at 




437 


509 


6a7 


39 


30a 


470 


548 


30 


4*1 

4|2 


SOS 


590 


674 


31 


542 


63a 


7aa 


3a 


483 


579 


676 


77a 


33" • 




6lg 


731 


8a4 


34 


540 


658 


768 


878 


3S 


581 


700 


816 


932 


36 


'.Kj 


742 


866 


990 


37 


OSS 


786 


9>7 


1 .048 


3S 


693 


83 1 


970 


t.io8 


39 


731 


878 


1.034 


1.170 


40 


771 


«as 


».07» 


I.a34 



to 



ta 



Diameter 
of log at 
mmU end 



Board 
feet 



Board 
feet 



Board 
feet 



K 
9- 
10 

1 1 . 

13. 

13 

14 

15 

16 

17 

18 

19. 

30. 
21 . 
23. 
33- 

a4. 
25. 
36. 
a7. 
at. 
a9. 
30. 
3t. 

32. 

33 
34 
35 
36 
37 
38 
39 
40, 



10 

16 j 

30 I 

« ! 

31 I 
40 I 
49 , 
61 I 
71 i 
88 I 

100 I 
115 ' 
133 'i 
ISO ■ 
175 
190 
309 

335 

313 
343 
363 
3tl 
4tO 

443 

460 
490 
500 
547 
577 
643 
667 
700 
75a 



13 ' 

18 I 

24 I 

30 I 

40 

50 

59 

73 

86 
107 
119 
139 
160 
180 
210 

338 
251 

383 

303 

344 
375 
411 
436 
457 
4«3 
532 
553 
588 
600 
657 
693 
773 
801 
840 
903 



J4 
24 
38 

35 

45 
55 
69 
85 
100 
135 
139 
163 
187 

3IO 
245 

366 
393 
330 

353 
401 
439 
470 
SO0 
533 
575 
622 
6.U 
680 
700 
766 
807 
901 

934 
980 

I.OS3 



16 



Board 
feet 



18 
38 
32 
40 
50 
65 
79 
97 
114 
142 
159 
1S5 
JiJ 
240 

304 
3.54 
J77 
404 
459 
500 
S4t 

iH 

•57 

710 

736 

784 
800 
876 
923 

1 .o;q 
I , 

t,t30 

i.a<t4 



• Printed vriih the perm»?gion of the author. Professor A. L. Daniels. 

t Reprinted from the " Maniinl for Northern WoodancB " by Austin Cnrojr. 

in hooks dealing with the subject of lumbering and in many bfx>ks on 
forestry. There arc many different log niles. some of which enjoy wide 
use. others being re^itricted to certain Lcrritories where thc\' arc known 
to gu'c satisfartury results; still f)thers are used only for certain local 
units of measurement. The ])rac tical value of any log nile depends not 
only on the accuracy and soundness of the principles by which it is con- 
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structed, but also on tlu .skill and discretion of the man iising it. Log 
rule<? are intended to sliow the probable contents of sound, straij^ht logs 
when they are sawed by a sawyer who understands how to make the 
most of a given log If defects are present in the log, the scaler must 
make certain discounts from the rule. 

In practice, logs arc scaled with the aid of a " scale stick." which is 
graduated to inches and has printed on it the values in lx)ard feet corre- 
sponding to the different sizes of logs (both by diameter and length). 
Thus, the board-foot oontents of any given log may be read directly from 
the stidc, which should be applied to an average diameter of the small 
end of tlie log, when the diuneter and length are known. (For further 
details, see "Scaling," page 143.) Scale sticks are manufactured for 
several of the common rules, so that each person may select the stick 
best adapted to his purposes and locality. 

For oonvenienoet two log rules are here given. One, the Scribner, is 
a very old rule that has been widely used in the northern States. It was 
constructed from diagrams aUowing for a saw kerf of one fourth indi, 
which is a liberal allowance. The other rule, known as the " Universal," 
is based on a mathematical formula, and is printed here with the permis- 
aoo of its author, Professor A. L. Daniels, of the University of Vermont. 
It will be noticed that the values given in this rule increase regularly as 
the size of the log increases, while those in the Scribner rule are sometimes 
greater and sometimes smaller than are the corresponding values in the 
Universal rule This is because the Scribner rule is not based on a mathe- 
matical formula. 

If a comparison is made of several of the standard log rules in use, 
such as the Doyle, the ScrihnfT. and the Maine, it will be found that the 
greatest relative differences occtit in the snmll-sized logs. The Dovle 
rule,' for example, gives an extremely small scale for logs of small diara- ^ 
eter, and a good sawyer can always saw out more board feet than this 
scale gives. For large logs, however, it gives too large a scale. The rule 
is really accurate only for logs of medium size, or for those ot alxDut 20 
to 36 inches. The Maine rule gives best results when used with logs of 
short length. Many of the rules will be found to be adapted to the timber 
in certain parts of the countrw while in other regions, where the trees 
attain different forms, they will give very poor results. 

» The Doyle rule is very widely used, but it u inaccurate for logs of tmall diameters and (or very large 
kt$- It is Iwaad on tb» loUowing fonmU*: 



im which D t'luals the Jiamfltr of the small md in in<hf^. and L equals thr Irnglh in fttl. The nilc is inaccu- 
rate biK;au<««- It .'iri"ws a unifonn factor for sUbs itiid tAvi kerf Uhc 4 inches whjch i* dcduclcd from Uic 
(iiuniett r) re^ardU-s^ of the size cf the log. It is evident that this amount of loss differs with the siee of 
\\\c loK. and it i<> <i fact (not too widely known) that the Doyle rule ^ives values too small cm )(^ up to about 
.iri iiuhes. Since there m always a large proportion of snxall logs in any quantity ctf tbeaw it folkMn that 
the mill cut overruns the scale by 10 to jo per cent if the logs are sound. 
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It has been said that certain rules have been constructed from the 
results of actual work in the mills. In several instances in which a lar^e 
number of lo^s have been followed through the mill, the product actually 
obtained has been found to agree very closely with the Universal log rule, 
and it is presented in the belief that its use will prove satisfactory. 

Factors qffecUng the board^/oot cotUents qf lo^ 

Beades the sise of the logs, there are sevcsal other fiactois ^ 
affect the contents of logs in board feet. They are as follows: 

The width of ihe saw used. — There aie many different styles of saws 
used in the mills of to-day, such as circular, or rotary, saws, band saws, 
and gang saws. These vary considerably ih form and thickness, and it 
as easily seen that the amount of wood taken out by the saw in passing 
through the log. tedmically known as *f saw keif," vrill affect directly the 




a ^'inck saw kerf 

amount of the lumber that can he obtained. Thus, a band saw takinp 
out a kerf only I inch in thickness wastes only half as much as a rotary 
saw^ taking out a kerf of \ inch, and the iinal product may be xo to 20 
per cent greater in actual board feet. 

In Fig. 77, the left-hand figure shows how eight boards i inch thick 
and not less than 6 inches wide may be obtained from a perfect log 12 
inches in diameter, if a saw kerf of \ inch is taken out. Under these con- 
ditions a log 16 feet long of this diameter will yield (j6 board feet. The 
right-hand figure shows how nine boards 1 inch thick and not less than 
6 inches wide may be obtained from a log of the same size, if a saw kerf 
of only I inch is taken out. Under these conditions the log will yield 
108 board feet, or a gain of 12 per cent, due entirely to the saving in saw 
kerf. Since no logs are perfect, but eschibit some irregularities in form, 
it is seldom possible to obtain the full number of board feet as indicated 
above. Log rules, therefore, properly make allowances for these 
irregularities. 
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The width oj the smallest board that can be considered merchantable. — If no 
boards less than 6 inches in width are cxDnsidered as merchantable, it is 
apparent that much good lumber will be lost toward the outer part of the 
log next the slabs. This loss increases with small logs, as is shown in 
Fig. 78. From these drawings it will be seen that the product of a log is 
affected by the width of the board which may be considered merchantable. 
The saw kerf is J inch in both cases, but in the left-hand figure only eight 
boards i inch thick can be obtained, if none less than 6 inches wide is con- 
sidered merchantable; in the right-hand figure, nine boards i inch thick 
can be obtained if a board three inches wide is considered merchantable. 
In the first case, a log 16 feet long and 12 inches in diameter would \4eld 
96 board feet; in the second. 104 board feet. Modem log rules allow 
for narrower boards than do the older log rules. 




Fig. 78. — Left-hand figure shows result when nothing less than a O-inch 
board is considered merchantable: right-hand fi,gure, when yinch 
boards are considered merchantable 



The straightness and soundness of the log. — If the log is crooked or if 
there is a defective spot in it, there is sure to be a loss in the number 
of board feet that can be produced from it. If the crook is slight, there 
may be a chance of obtaining short boards from the log. but even then 
there is certain to be some loss. In unsound logs the cause of the loss is 
very apparent. 

The skill of the sawyer. — If the sawyer is careful to turn the log so as 
to take advantage of slight irregularities in form, which are common in 
almost ever>' log, it is possible to make the log go farther and Nncld a greater 
number of lx)ard feet than if it is cut through and through without regard 
to its form and shape. 

The efficiency of the machinery. — Well-kept and well-regulated 
machinery, shaqj, carefully filed saws, attention to the little details of 
mill-adjustment, and like considerations will do much towards increasing 
the quantity and quality of the output. The efficiency of the machinery 
is a most important factor. 
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Th0 Ikkkness of the boards thtmsehes. — ^If dimension stuff is being sawed 
£romlags» there iviU be a larger scale than if iocli^^^ because 
there is less loss in saw kerf. 

It is apparent, therefore, that no one log mle can be eiq^ected to give 
tinifonnly aocturate xesults lander all oooditiaiis. Due allowance must be 
made fof the factors iust mentioned. 



RHaHon$ bHwtm board nuasun and cubic mtaswc 

It is practically impossible to find any constant ratio between the cubic 
contents of logs and the number of board feet that they will yield. This 
ratio depends diiefly on the siae of the logs, as will be seen by an inspection 
of the foUofwing table, which i n di i des logs of only a few sizes for the pur- 
poses of illustration: 



TABLE 2. The Contents of Lot.s rv Curic Pert akd Board Feet Compared 
(A few representative sizes in the standard 1 6-foot log are ch(^n) 



Diameter of 
l6^foot log 
inches) 



6 

12 



Contents in 
board feet, 

by the 
Universal 
rule 



14 

89 

223 
674 



Contents in 
cubic feet 



3 14 

28 27 
50 27 

78 54 
113. 10 



Ratio of 
board feet to 
cubic feet 



4 

7 
7 
8, 

a. 

8. 



When it is desiraUe to obtain an approximate equivalent between 
board feet and cubic feet, the figures given in the above table can be 
used as a guide. It must be remembered, however, that these values 
will not apply if a log rule other than the Universal is used. 

RglaHoHS ^ItiivvM cordwood and cubic nmasuu 
The actual number of cubic feet of wood in a cord of stacked wood 
varies from about 60 to too, depending on the length of the sticks, the 
diameter of the sticks, the method of piling, whether the sticks are spfit 
or round, and whether they are green or dry. The straightness of the 
sticks also affects very strongly the amount of wood in a cord. In this 
respect, it is neariy always true that there will be less solid wood in a cord 
of hardwood sticks than in a cord of sticks from coniferous trees, as pines, 
spruces, and the like. A safe average factor to use in computing tht 
actual number of cubic feet in a cord of wood is 70 per cent. This gives 
approximately 90 cubic feet for each cord of full size (8x4x4 feet). 
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SCALING 

Scaling, or dctennining with tlic aid of the scale stick the contents in 
board feet of a t^nven log, can be learned only throii^.'^h actual practice. 
It is almost impossible to give any hard and fast rules for scaling The 
knowledge of how to allow for the defects that occur in nearly all logs is 
acquired by practice and observation ; but although the art of scaling can- 
not be learned (ram books, the following points may prove helpful : 

(a) Remember that the scale stick shows the contents of straight, 
sound logs, according to diameter and length; it is taken for granted 
that the sawyer is skillful cnoiiL^h to get the most mit of a log. Even in 
sound, straight logs, loss may be caused by too thick slabbing, by cutting 
material too thick or too wide at the main saw, by poorly regulated 
machinery and dull saws, by waste in edging and trimming, and the like. 
Such loss is due to a lack of skill on the part of the sawyer and poor work- 
manship on the part of other operators, for which the scaler is not to 
blame. 

(b) For certain visible defects, which are here explained, allowances 
can be made by the scaler. The more common terms used in defining 
defects are as follows: 

('hciks. These are cracks, or splits, or seams, running lengthwise 
wliich are developed in the course of the seasoning of the log. 

Dote. This is the general term used by lumbermen to denote 
decay or rot in timber. The condition noay be spoken of as " dote," 
or the part of the log decayed may be said to be " doty." Another 
term meaning the same is '* dozy." 

CaUfaee, This term is applied to partly healed scars on the stem 
of a tree caused by fire or mechamcal injtiry. As a rule, cat>faoes 
do not cover a very large part of the tree and do not constitute a 
serious defect unless they have caused rot to develop. 

Shake is defined as a crack in timber, due to the action of £rost or 
wind, which usually results in the separation of the annual rings of 
growth, so that ^ continuity of the timber is broken. When 
" shaky *' logs are sawed, the lumber resulting from them appears 
spUt and cracked. If the cracks follow the annual rings all the way 
around the tree, the defect is known as circular shake, and it results 
in a very large loss in the lumber. 

The lollowing suggestions, summarized from " The National Forest 
Manual " of the U. S. Department of Agriculture, may also be of some 
assistance; 
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Among the points which musl be considered arc tht' size and shape of the logs, the 
quality as affected by various kinds of defects, the size and location of the defect, ftod 
the reqturemeiitsandfindtilii»Baf inariiete . . . 

Measurement of diameters 

All diametefs will be measufed inside the bailc at the top end of the log. If logs 

are not round, scalers will average the greatest diameter inside the b irk it the top 
end of the log with the diameter at right angles to this. The necessary reduction in 
diameter will be made for mdliiif at ue wamag end of a loc when no lumber can be 
produced from it, 

# 

Defects in logs 

The following defects are most common: 

Unifonn center or circular rot, circular shake, pin dote, ground or stump rot, cat- 
face, dote at side of log extending to the bark, bums or defect caused by lightning 
extending along side of log, defect caused by lightning extending along the log in spiral 
form, punky or aoh mp, deep checks or seams, dote appearing in knots, curve, or sweep, 
crookS) crotches, and blue sap. 

MerekanttMe material 

In general, a log containing sufficient sound material to saw out salable lumber equal 
to one third of its contents as ipven by the scale rule is termed " merchantable." This 
will be varied in accordance with the character of the timber and local market condi> 
lions. The term " sound material " is here use<l to signify such materld as witt pfodoce 
lumber . . . commonly merchantable in the mancets supplied. 

Center or circular rot 

For loss caused by unifonn circular rot, the following rules are given: 
For uniform defect 3 inches or less in diameter deduct to feet b. m. in logs up to 
16 feet in length. 

For defect 4 to 6 inches in diameter add 3 inches to acttial diameter of rot. and deduct 
from the full scale of the log an amount equal to the contents of a lo^ of the resultant 

diameter. 

For defect 7 to 12 inches in diameter add 4 inches to diameter of mt and deduct an 
amount equal to the contents of a log of the resultant diameter from full scale uf log. 

In measuring the diameter of this type of rot the scaler should measure it at the end 
of the log showing the greatest area ot defect, since the saw cuts in straight, parallel 
linei. 

Shake 

Circuler diaice mey, in general, be allowed for as in center rot. 

DoU 

If the visible area affected by pin dote amoimts to 4 indies in diameter, or more, it 
should be allowed for as in circular rot. 

Cai-face 

Cat-face may he allowed for in the following manner: Consider what proprirtion oi 
the length of the log is affected; find the contents of this section on a scale .sUck, then 
detenmne the proportion of the section that will be lost in sawing, and deduct this 
amount. 

SideAfids 

The percentage of loss caused by defects located at the side of a log is much less than 
when they occur'near the center, since in the former :ase much of the defect wiU come 
out in dabbing. This is especially true of the butt of the first log where the flare or 
swell is considerable at the jxjint of cutting. 

Since they do not usually run deep and can be mostly removed m slabbing, defects 
causad by lightning estendms spirally along a tog do not affect the scale. 
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Spiral checks 

Where deep f;piral checks are found, the scaler will measure the diameter of the por- 
tion of the log included within the largest circle that can be described on ft C106B 
section without being m.-itcrially affected by the checks, and dais tts defective all ^t 

part of the log outside the area dehned by the circle. 

Unsound sap 

Where a shell of unsound sap occurs, only the sound heariwood will be measured. 
Unsound knots 

Where dote appears in the knots, it indicates that the area of rot incKftses in the 
portion of the log ni tr *he knots, and deductions shoiUd be from 10 to 50 percent 

greater than when ii appears at the ends alone. 

Cunc or iweep 

The percentage of a log affected by sweep or curve varies aanrdine to the diameter 
of the log. An amount of curve that might cull a very smaX\ log would not necessarily 
cause the rejection of a laiger Ics. The scaler should, when possible, sight along curved 
k)gs, noting where the saw would square the log, sufficiently to enable boards to be cut 
on both sides affected by the curve, thus detcnnining the amount of loss caused by the 
sweep. It should be remembered tliat boards sawed near the slab are always narrower 
and contain fewer board feet than those sawed from the balance of the log. 

* 

UBTHODe OP ESTIMATING THE MERCHANTABLE SAW TIMBER IN A WOODLOT 

III all cases when sLandiii;; Limbjr is bought or sold, ii us desirable to 
have some means of telling approximately the amount of merchantable 
timber that can be obtained from the trees on a given tract of land. It is 
necessary to know the amount of timber in order to detennine the value 
of the tiniber, which may be icdconed aooorcling to the thousand feet 
(M feet) board measure (B. M.), or the cord. The value of standing 
timber is frequently spoken of as sHmpage vahie. The tenn means 
the value of tixe timber on the stump, that is, of standing timber. The 
work of thus determining the amount of lumber or other manu£actuz«d 
wood product that a given body of standing timber will yield when cut 
is called tmber-esHmating. It is also spoken of as Hmber-cmising. It 
CQDsists of xeckoning, either by means of some mathematical calculation 
or by the aid of past e9q3erience in judging timber, the amount of mer- 
chantable timber that exists on a particular piece of land. 

Years ago, when timber was plentiful and the value of lumber was 
comparatively low, timber-cruisers would often guess at the amount of 
lumber that could be produced from a specified piece of land, arriving at 
their estimate by a process in whicb arithmetic played a very small part 
and practical experience a very large part. They had seen many bodies 
of timber cut; they knew how many acres were cut over and they knew 
how many logs were taken out; they knew how much lumber the mill 
had been able to produce from those logs. This experience gave them 
some idea as to how the timber in that part of the country might be 
cxpectof! to run. They also knew how much to allow for in the wa\' of 
damage, defect, and unmerchantable material, so that their results were 
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fairly accurate. They usually erred on the safe side, and estimated low 
rather than high. The method was ^ood when stumpapfc values were 
very low; but with the increasing scarcity of timber and the rising value 
of lumber it has become necessary to have '^,oTncthmg more reliable than 
a mere guess, for a lar;^^*' amount of money is often at stake. Modem 
sawmills are expensive to set up and maintain, and modem methods of 
logging employ many men and costly equipment; it is therefore necessary 
to calculate rather closely on stumpage values and the cost of operations 
before venturing into the lumber business. Lumbermen want to know 
within about ten per cent the amoimt of liunber that their timber lands 
will yield when cut. 

Although the atnounl of money involved is not largo, it is just as 
important that the farmer who owns a woodlot of 5, 50, or 100 acres shall 
be able to tell within ten or fifteen per cent what his timber will yield. 
Even if he does not intend to sell his timber, he should know how much 
there is of it in onter to avdd overcotting and mismanai^enieat, wfaidi 
in the absence of definite figures are aJmost sure to follow, with a oottse> 
quent depfedataon in the value of the woodlot. 

If any degree of accuracy is to be obtained in making estimates of 
standing timber* at least two figures are requited: first, the average stand 
to the acre (or the stand of an average acre), and secondly, the nuniber 
of acres In the tract under consideration. The only exception to this 
rule would be in the case of a very small woodlot in which a tree-to-tree 
count induding every tree might be possible. In this case the area of 
the woodlot would not be required, but the estimate would be based on 
the count. If the number of acres in the woodlot and the stand on an 
average acre are known, the contents of the whole stand may be reckoned. 
Then, if necessary, certain allowances may be made for diseased, defective, 
or immercfaantable timber. Allowances of this kind can usually be made 
to best advantage when they are based on observations made at the saw- 
mill, where logs can be watched in order to determine how they saw out, 
that is, to see what proportion of the lumber from the logs is 
unmerchantable. 

Two mctliods of timlKM--estimating will be deseribed: The first is based 
on the principle of a trec-lc^-trce count and is inLonded either for use on 
small areas only, where every tree can be couiilefb or for single trees. 
The second method is intended for larger areas, where only a small per- 
centage of the trees can be counted. 

The tree-Uf-tree count 

Naturally, this meth<Kl is the most accurate of all. for each tree is 
inspected and the contents is estimated separately. It thus becomes 



Digiiizeu by LiOOglc 



Dbtbrmining thb Valub op Timber in tkb Farm Wooolot 147 



le to allow for the irregularities of form 
taper that are exhibited by all trees, especially 
ing this method, one should first determine 
the breast-height diameter ' of the tree to be 
estimated, and tally this in the column marked 
** Trees," as shown below in the sample tally 
sheet, Table 3. If possible this breast- 
height diameter should be measured accurately 
with a pair of tree calipers* {Fig. 79), be- 
cause with a knowledge of the exact di^n- 
eter at breast heip:ht it becomes much easier 
to judge the top-dianieters of the logs above. 
If calipers are not convenient, a circumference 
tape may be used or the diameter may be 
judged by the eye. To do this accurately, 
however, requires considerable skill and 
practice. If an ordinar\ tafx^line. graduated 
to inches, is used in gcttinj^ the circumference, 
the measurement may be reduced to diam- 
eter by multiplying by ij. 



and the varying degrees of 
the hardwoods. In apply- 



Flu. 79, — Tree mli- 
fters, for measuring 
the diameter of 
standing trees. 
{Courtesy of the 
Keuffel & Esser 
Company, Hoboken , 




Plot No. 
Date. . 



TABLE 3. Samfle Tau.y Sugst for Timber Estimates 

Locality 



(16-foot togt) 



Duunetfr 



it-hish 



6..., 

»... 

S.... 

10;. 

IE 

IS.... 
13. . . . 

U. 
ti 



3: 

19- 

n. 



Km 



Tr«w 



Loss 



Totals 



17 



Ottk 



Logs 



Trees 



5 <5 I i 



Logs 



Hemlock 



Trees Logs 



Tout 



as 



Log* 


Scale 


1 

Board 




ftet 


7 


14 


98 


6 


aa 


Ua 




3» 


160 


6 


44 


364 


6 


57 


34a 


S 


72 


360 


6 


89 


534 




107 


438 




127 


8S9 


5 


14S 


740 




17a 


344 


2 


197 


394 




aaj 


669 




353 


353 


"1 


38a 


38a 


1 "1 


.... 


5.888 



The form of tally sheet here shown is convenient for recording trees and logs on a 
Bttall plot. In such a tally sheet the first oolumn, designated " Diameter," should 

• TiM diatneter of standins traes is measured at a point 4 feet 6 inches ftom the graand, a diateooe 
drriinstffi as " breast height.^ The nee of this stamlard he«ht is to be pfeferrc d to the stump he«)it, 

whichis too variable. 

♦ Tree calipers, in.struments for measuring the diameter of standing tree*, may be purchased from 
KmUUL ft Beser Company. Hobokeo, New Jersey, al a cost of $4.50 sadi for the j6-inch sisa. 
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contain numbers from 6 up to the diameter of the largest trees to be found in the 

wrxjdlot. To the right of this column art- cuhirniis for each of the species of trees ih-it 
are to be estimated. 1 hese columns in turn arc subdivided into two, the first for 
trees and the second for lo^s. The separate trees are tallied by breast-height diameter* 
and the several logs by diameter inside bark at the upper end. Thus, the first tree 
inspected on a plot might have been a pine whose diameter was 20 inches. Accordii^ 
to the system of tallying used* a dot would be placed in the column marked " Trees 
imder"Pine," and opposite the 20 in the inches column. Then if this tree contained 
four merchantable logs whose top diameters were 16, 13, 11, and 8 inches, resix-eiively, 
a dot would be plaoed in the column marked "Lo«s" opposite the corresponding 
diameters, 16, 13, 11, and 8. This process is repeated for ever\' tree on the plot. After 
all the trees and logs arc tallied, the totals may be read from the sheet. The logs are 
totaled in the column marked " Lpgs" under " Total," and the scale of a single log 
of that size is indicated in the column under " Scale." (This vahie is taken from the 
Universal log rule, page 138.) The product of the number of logs by the scale of each 
one is indicated for each diameter in the column marked " Board feet." The sum of 
all the values in this column gives the total number of board feet on the plot, which is 
the object of the whole operation. 

Having obtaiiicd and recorded the brcast-hcight diameter of a tree, 
the estimator next looks up the trunk of the tree, mentalh' divides the 
stem mto logs of standard length, and decides just how many logs the 
tree vnW yiekl when ait. The work of estimating logs in the tree and 
the calculations made later will be easier if only one standard log-length 
is used. Thus. 16-foot logs are very common, and many estimators 
have adopted this length as their standard in estimating. In order to 
accommodate this length to trees that may have more or less than an 
even niunber of i6-fcx)t logs, some estimators recognize lialf-logs. that is, 
S-foot lengths, in their work. Any standard length may be chosen, of 
course, but the use of two or more standard lengths complicates both the 
tallying of the logs and the scaling of them later. 

If the trunk of the tree that is being judged is straight and dear, with 
an even taper, the work of estimating tiie number of logs and their fespec> 
tive sizes will be a simple process; but if the trtmk is irregular, or forked, 
or shows an excessive taper, the task wiU be more difficult. It is precisely 
at this point, however, that the accuracy of the method becomes apparent, 
because proper allowance can be made for such defects as crook, forks, 
or excessive taper. The next step to be taken is to decide at what points 
on the stem of the tree the tops of the successive logs will come, and to 
judge the diameter of the stem at these points. Allowances must be made 
for bark, and in each case the diameter of the several logs, inside the 
bark at the top end, is recorded in the column marked " Logs *' on the 
tally sheet. Estimating the top diameters of 1<^ in the tree is not easy 

^ The system of tallyinR w'^ci] h called the " dai-«nd.duh " tyttem. The fonowing tyittfaols ahoir 

Um valueB corresponding i].< rn: 

12 3-^ 5 6 7 8 0 /0.' t2 /3 

• : y : :r.r izanziM m: My etc 

Thi? method et-ftnomical of space and time. and. by its rise, it is po^^ible to record a lar^te number <rf tNCS 
on a Mngk sheet. Bci{ig aironKfU in blocks of icn, the tally is quickly ^d easily read. 
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to do, first, because trees do not taper uniformly and, secondly, because 
the thickness of the bark varies considerably not only with the species 
of tree but aUo with the size the a^^e, and the heij^ht of the tree and the 
localitv in wliich it is growinK- With the help of the suj^j:^estions in the 
next para^aph and a Httlc practice, however, the timber-estimator will 
rapidly ^ain coniidence. If one has an opportunity to observe the tai)er of 
logs and the thickness of bark on loj^s as they are cut in the woods or decked 
at the mill, it will not take long to acquire considerable skill in estimating 
the size of logs in the tree. This method of work is so much more likely 
to be accurate than any other that it is recommended here as the most 
practicable method for owners of woo<llots to follow. 

Most trees grown in the forest where they attain good form will 
taper 2 to 4 inches for every 16 feet in height. The taper in tall trees 
is less marked than it is in short trees that break up into branches at a 
relatively low point on the stem. The first, or butt, log and the last, 
or top, log will frequently show more taper than do the intermediate 
logs of a tfee. Measurements on a large number of white pines show 
the following average taper for trees yiel^g four 16-foot logs: 

Taper 

From diameter breast-high to to{) of first log 2 to 2^ inches 

From top of first to top of second log i| to 2^ inches 

From top of second to top of third log 2 to 3 inches 

From top of third to top of fourth log 3|t04 inches 

Each species of tree has its own characteristic form and taper, which must 
be observed and studied before great accuracy can be escpected in judging 
tapers. The hardwoods are more irregular in taper than are the coniferous 

tr( (pines, ^jruccs. firs, and hcmlodcs). 

The thickness of the bark is also a variable quantity. It depends not 
only on the kind of tree but also on the diameter of the tree at dilferent 
l^es and heights. Since it is nece^ary to make due allowances for the 
thickness of the bark in judging logs, the following table (Table 4) has 
been prepared. This table shows, for different species of trees, the approxi- 
mate allowance that must be made for bark at different heights. 

With the trees recorded by breast-height diameter and the logs recorded 
by length and top diameter inside bark, as shown on the sample tally 
sheet, Table .3, it ii now possible to apply any desired log rule and scale 
the logs on paper. Thus, it was found that there were ten i6-foot logs 
of 8-ineh diameter scaling 32 board feet each by the Universal rule, or a 
total of 320 board feet. Of the g-inch logs, there were eight scaling 44 
board feet each, or a total of 3«;2 board feet. Each diameter class is 
calculated ^^parately, and tlie total for that size is ciiu:red in the last 
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column of the tally slicet. By adding all the values in this column, the 
total estimate for the trees of all sizes is found. The rea^ion for recording 
the lo^^s and the tr^ separately and keeping the number of trees by their 
breast-height diameter is to determine on how many trees the estimate 
is based. After a few reliable estimates have been obtained, other 
estimates in the same region may be checked by making comparisons 
of the number of trees. 



TABLE 4. Amount in Inches Th\t ^T^sT Bk DRnicTrn from Tor Di\met8« 
OF Logs Outside Bark, in Order tu Obtain Diameters Inside Bark 



Sise of i6<foot logs 


Trees with thick bark 

(A) 


Ttees with thin bark 


On logs 24 inches and over. .......... 


Deduct inches 

Deduct 2 inches 


Deduct I to 2 indies 
Deduct I inch 
Deduct I inch* 



(A) Trees with thick hark: oaks (especially chestnut oak and black oak), pitch 
pine, chestnut, wahiut, butternut, ash, tuUp j^plar, cottonwood, locust, and hemlock. 

(B) Trees with thin or medium baik: wbite pine, spnioe, balsam fir, beech, hard 
maple, soft maple, birches, hidcories, sycamore, cberiy, baaswood (except in old trees). 



* FnwtioM of bdiM an iiot coMidcnd in lealiiig, and it k 

As an aid in determining how many logs of standard length may be 
ctit froax a oertain tree, it is well to measure the height of a Um trees until 
the eye beoomes accustomed to judging heights accurately. Methods o£ 
measuring the height of a standing tree are described on page 98 of the 
" Woodsman's Handbook,"* Bulletin 36 of the Forest Service. U. S. Depart- 
ment of Agriculture. The simplest of these methods is to compare the 
shadow of the tree with the shadow of a pole of known length, set per- 
pendicular to the earth. Multiply the length of the shadow of the tree 
by the length of the pole, and divide the product by the length of the 
shadow of the pole. The result will give the height of the tree. 

An instnmient called a hypsometer, for the purpose of determining 
the height of trees, is made in a simple form as is shown in the accompany- 
ing illustration (Fig, 80). In order to use this instnmient the operator 
should stand at a known distance from the base of the tree, and ai ghtingr 
in turn at the top and at the bottom of the tree he should observe the 
readings, as shown by the little pendulum. The readings are graded so 
as to giv^e percentages of the base line. For example, a man standing 100 
feet from the- h[\<o i)f a tree sights to the top of the tree; the pendulum 
swings to 75. This indicates thai the top of the tree is 75 per cent of 
the base line, or 75 feet above the level of the eye. When he sights to 

* ThU pttblkatKm may be parchaaed from the Superintandant ol DoonoHita, GovcfOflMnt P fluUM 
Office, WaBninctoQ. D. C, for tw«fi(y>five cents. (Do not tend •tampe. for ther will not be aooqprtedl) 
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the bottom of the tree, the pendulum swings to s on the opposite side 
of the zero mark. This indicates that the foot of the tree is 5 per cent 
of the base line, or 5 feet 
below the level of the eye. 
Adding these two readings, 
we obtain 80 as the total 
height of the tree. Any con- 
venient distance may be 
chosen as a base line, and 
the principle is always the 
same — the sum of the read- 
ings represents the height of 
the tree in terms of a per- 
centage of the base line. 

The best results are ob- 
tained when a base line of 
at least 100 feet is used. 

Full directions for using Fig. Ho.— Bnx h\p5ometer, an instrument for 

this instrument accompany ,5^^'"*"*7,/*'»^^i*Vcf-^^^ 

*^ {Courtesy of the Keuffel cf Esser Company, 

it. • Hoboken, New Jersey) 

V olume tables 

Instead of going through the process of mentally dividing trees into 
logs and scaling them on paper, as described in the tree-to-trcc count, it 
is sometimes possible, by the help of reliable volume tables, to shorten 
the work and obtain the estimate by measuring only the diameters and 
the heights of the trees. The contents in board feet can then be read 
directly from volume tables. Volume tables are, therefore, tables 
from which the board-foot contents of a tree can be determined when 
the breast-height diameter and the height are known. They are con- 
structed from measurements taken on a large number of felled trees. 
These measurements are then averaged and compiled in the form of a 
table, a sample of which is shown on page 152. Since the values given in 
volume tables are the results of averages, it follows that they give satis- 
factor>' results only when applied to a large number of trees, or when 
the trees are known to be of average form. Furthermore, a volume 
table should be used only in a locality where conditions are practically 
the same as those that prevailed in the locality where the volume table 
was constructed. That is, it would not be >\'ise to use for white oak in 
western New York a table which had been constructed from measure- 
ments of white oak grown in North Carolina. Neither would it be wise 
to use for white oak grown in a rich, moist bottom land, a table that had 
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been constructed irom the measurements of trees ^^towti on a dry, rocky 
hillside, even though not far distant. The conditions, both general and 

local, must be similar. 

Therefore,^ whiie the use of volume tables is often very c<invenient and 
time-saving, it is safe to use them only when a larj^e number of trees is 
being estimated and when a table can l)e found that is known to have 
been constructed from trees growinj^ under the same general conditions 
which prevail in the locality in question. Unfortunately there are but 
few reliable volume tables in existence at the present time. The " Woods- 
man's Handbook " contains a few tables that are fairly reliable. One 
of these is shown below in order tliat the form of a volume table may be 
understood by the reader. When good volume tables are available, this 
method will be a safe one to use. 



TABLE 5. Sample Volume Tablb for White Pine in New Hampshire 
(From tlw " WoQdHoaa's Handbook." TiUe No. 12.) 



Br«su>t-height 
diunetpr 
(inches) 



I; 

• . 

10. 
II 
12 
ij 

>4 
IS 
16 
17 
18. 

19. 

30. 

31 

23 
23 
24 

as 
j6 
»7. 



Height oCtm (feet) 



30 I 40 I 50 I 60 I 70 I 80 I 90 i 100 I SIO I ISO I 



VoIuiM in board feet 



8 

13 
tS 
34 
i2 
41 



12 
30 
26 
36 

44 

53 
6J 
7J 
84 
95 
lOS 



IS 

23 

34 
45 
56 

70 
84 
100 
1 1 7 
137 
158 
181 
J09 
2.}8 
2:0 
i02 



21 

39 
53 
69 
85 
103 

t2S 

173 
200 
3J0 
361 
397 
336 

i79 
43S 



29 
44 
63 
81 
I03 
136 

ISI 
180 

3tO 
241 
277 
313 

353 
393 
436 
480 
533 
566 



93 
119 
147 
177 

ato 

343 
2S2 
333 
368 
4lt 
460 
506 
553 
597 
639 
674 
706 
737 



138 
168 
300 
338 
377 
321 
370 
421 
475 
530 
583 
634 
681 
727 
760 

840 



338 
370 
31a 
J63 

415 
471 
531 
598 
660 
730 

779 

SJ4 
K!>y 

942 
994 
1.046 



245 
293 
348 
406 

470 

i I" 
610 

6«2 

7SO 

830 

887 
958 

I .OiO 

I . I05 
t,l8o 



688 
763 
840 
918 
990 
1 .065 
I.«3S 



Basis 
(trees) 



7 

4t 

177 
164 
146 
137 
91 
61 

88 

70 
68 
44 

35 
3J 

?6 

9 
13 
II 



■ .S79 



The volume ^ven U actual saw cut. Sixty per cent was rooud-edsed, and forty per cent aqnarad; 
ievcnty per oent. one^ioch boards, and thirty per cent, a|-uicb plaalc. 



Area methods 

The quarter-acre circle method. — • In this method it is assumed that a 
careful count and estimate of tile tree.s on a part of the whole area (per- 
haps 10 i)er cent) may be used as an average fi^ire for the entire tract; 
and that the estimate for an average ^e, multiplied by the total nimiber 
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of acres, will give us an accurate csUmate of the timber in the entire stand. 
One way in which this method may be appHed is to make a c-areful esti- 
mate of the trees on a eircle, the area of which is one quarter of an acre. 
The method is as follows: Select a part of the stand in which average 
conditions as to the number of trees, the height of trees, and the diameters 
of the tre^ are represented. Count and tally the logs in the trees on this 
quarter-acre as described in the tree^to-tree method. In order to be sure 
that you have an area of exactly one quarter of an acre select some tree, 
rock, stump, or other mark as the center of the ctrde and then count all 
trees that are found within a radius of 59 feet from the center. This 
5(hfoot radius should be measured with accuracy since the estimate 
obtained on this quarter-acre is to be multiplied by a large factor in order 
to obtain the estimate for the whole stand, and a difference of only a 
foot or two in one direction or another may make a large difference in 
the result. If you cannot judge the 59-foot distance accurately by 
stepping or pacing,^ this distance should be measured with a tapeline. 
Be sure to count all trees on the area once and only once. 

After the trees have been tallied accordin^^ to ^e number of logs and 
their top diameters, as already described, these logs may be scaled exactly 
as before, and the total contents of the plot may be determined by 
adding together the number of board feet in each log. 

This method has mudl to recommend it: One man can do all the work 
unassisted. If the sample areas have been carefully selected and the work 
of estimating is carefully done, there is no reason why this method should 
not lead to fairly accurate results. In using this method the important 
thing to be remembered is tliat the sample plots chosen should represent 
average concHlions. They should be neither too good nor t(3o y>oor. It 
is often a temptation to select a plot that has very gcx)d timber on it — 
better m fact than the average — with the result that too large an 
estimate is obtained. 

If the estimator feels unable to make a fair choice of sample plots, they 
may be taken at regular intervals along a compass line. This will elim- 
inate the element of choice in the kx-ation of plots. The compass lines 
should be run in a direction that wiW insure crossing the difTerent types, 
qualities, or age-classes; and the sample plots should be taken at regular 
intervals, perhaps every 20 or 40 rods, regardless of the density of tiiu 
stand. Only in this way will an impartial estimate be obtained. 

The number of plots selected should be sufficient to include representa- 
tive parts of the stand. If conditions are variable, more plots will be 

' The average man cannot step a full yard at one stride without a conscious effort, and to do this in 
the WLHxis IS tiresome work. It is recommended that, when measuring distances by pacing, a nktuMl 
Step be adontedi such a step ia •bout jj incbet for • man of •veritge height and is equivaknt to tis steps 
to the rod, or abmt at| iicpe for th»s»<oolri4te«o( the Gvdt. 
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necessary than if the stand is umtonii iliruuKiiout. As a general rule 
it may be stated that, when conditions are uniform, an estimate based 
on 5 or lo per cent of the total area will be acctirate eribugh. If conditions 
are variable, however, plots oovering as much as ao or 25 per cent of the 
total area may be necessary iii order to be sure of accuracy. 

RedattgnhT'^niasummnt m^utds. — In applying area methods, by which 
the trees on only a part of the entire tract are actually counted and esti> 
mated, it is not necessary that a drde method be used. Plots may be 
square or rectangular, so long as the exact axea that they cover is known. 
When ruiming long strips through the woods, aci«s are frequently measured 
40 rods long and 4 rods wide. The essential point is Ijo have a plot the 
area of wtash is known definitely. Pbts that are square or rectangular, 
however, are usually more difficult to measure than are circular plots, 
and rectangular measurements should rarely be attempted unless two or 
more men can do the work together. Lcmg strips through the' woods, 
to be run to the best advantage, require the services of at least three men. 
For the owners of small woodlots, or for those who wish to do the work 
alone, the quarteivacre circular plot is recommended as the least 
difficult and the most practical method.* 

IIBTHODS OF BSTIMATING THE COHDWOOO IN A WOODLOT 

Trees that are too small to produce saw logs are best estimated as 
individual poles of specified lengths or else as cordwood. After the saw 
logs have been removed from large trees, there is often considerable 

TABLE 6. Sample Form of Tally Sheet fur Estimating Cordwood 



Species: Red, black, and scarlet oak Area: 10 acres 



Breast-height 
diameter 
Ondies) 


Number of trees, by height 


Reduced ' 
to cords, 

bv 
Table a 


Height of trees (feet) 




50 


60 


70 


80 


4 




30 

10 

63 

15 
42 
18 

S 
2 








3 60 
I 81 

7 »5 
5 22 
II 27 

9 37 

g c)6 

9.20 

5 80 

3 52 

64.00 


5 


8 


30 
60 
20 

5 








6 








7 




30 
60 

5^ 

36 
2 
I 




8 








9 














4 
]8 

9 

• k r • ■ « 




















J3 










Total cords.. 






t « • • k • 


k 4 « T » • 



• In the woods, th« trees ftre tallied by the dotHUtd-daih fystcm, dewribedm p«f» I4B. Ftortimiilki^* 

nuntbets arc given in the sample. 
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material suitable for cordwood left in the tops. While it is difficult to 
give either suggestions or tables tha.L will litlp 111 the work of estimating 
the cordwood in liic lops of trees, it is possible to give tables that will 
enable one to estimate the amount of cordwood obtainable from trees of 
small diameter, provided the height is known (page 150). In order to 
nuke this kind of timber-estimating possible, TaUes 7 to ix indusive, 



TABLB 7. Amoitnt or Cordwood Contaived in Okb Chbsvnut Tree, 

By Height 



Heighi 01 iree (feet) 


" ( 


40 


50 


60 


70 


80 


Breast-height diameter 
(inches) , 


Cords 


Cords 


Ccwds 


Cords 


Cords 


Cords 


1 

1 

4 


.016 
.030 


.031 
.033 

043 
.059 
.071 
.091 
.115 

•J39 
.164 


.028 
.043 
.056 

.0S9 
.III 

.137 
.166 

. 196 

.227 

263 

303 
344 








5 








6 


.067 
.083 
.109 

.132 

•159 
.192 

.227 
.263 

303 
•344 
.400 












i:::::;::::;:::::::::::;: 




.135 

153 
.183 
.222 
.256 

294 

357 

. AOO 




9 






10 




. 196 
.244 
.294 

333 

385 

^^«; 






12 




13 




14 










«5 









455 1 525 


TABLE 8. Amount of Cordwood Contained in One Blacb. Red, or Scarlet 

Oak Tree, by Height 


Height of tree (feet) 


30 


40 


50 


60 


70 


80 


Breast-height diameter 
(inches) 


Cords 


Cords 


Cords 


Cords 


Cords 


Cords 


4 


.020 
■031 


.027 

.037 
052 

.067 

.083 

. lOQ 
MI 

149 
.189 

.238 
286 

345 


034 
045 
.062 
.077 
. 100 

•25 

152 

.185 

.222 
.278 
322 
.385 

•45$ 
















6 


.071 
.091 
III 

137 
. 167 
.217 
.256 
312 
370 

•435 
.500 






7 

8 




. 100 

143 
.167 
.200 

256 




9 




.200 
250 
294 














«3 




357 ' 385 


14 








i -475 
1 -555 


.500 

.588 


i2 
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have been prepared. They include the material in the trees of the several 
spedes down to a limit of two inches in diameter in the tops. The trees 
should be counted and tallied according to diameter and height, as indi- 
cated in the sample form of tally sheet, Table 6. The appropriate tables 
should then be applied to reduce the number of trees to oordwood. 



TABLE 9. Amount op Cordwood CoNTAivKn in One Trbb op White Oak or 

Chestnut Oak, by Height 





30 


40 


50 


60 


70 


80 


Breast-height diameter 

(inches) 


Cords 


Cords 


Cords 


Cords 


Cords 


Cords 


4 


020 
031 


.027 
.038 

.053 
.071 
.091 
.III 

• 133 
.156 

.185 


034 

.047 

.062 
.083 
.105 

•133 
.161 
.188 

.227 
.263 

.303 












.110 

.149 

. 192 

233 
.270 

•3«3 
370 
.416 

475 
555 




i::::;:::::::;::::::::::: 


077 
.091 

"5 

. 161 
. 196 

■a33 

.270 

312 

357 
.400 

475 








i::::::::;::::::::::::::: 










227 
.270 

.3«3 

370 
.416 
476 

555 
.625 






II 




13 ^ 






»3 1 

H 




15 




16 1 






1 





Cordwood uAks 

For a few of the oramnon species of trees found in our eastern woodlots, 
Tables 7 to II inclusive, show the approximate amount of cordwood con> 
tained in trees of different diameters and heights. These tables have 
been constructed from various sources; the volume in cubic feet has been 
used, and a converting factor has been applied that gives the contents 
directly in cords.* In using the tables: 

MuiHply the value given in ^ appropriate table for a specified kei^ 
and diameter by the number oj trees of that sise. Do the same for aU diatneters 
and heights, and add the results together. 

For example: In the tally sheet, Table 6, it will be found that the 
25 trees, 4 inches in cHameter and 30 feet high, yield .50 cord of wood 
(2 5 X .02 in Table 8). The 40 trees, 4 inches in diameter and 40 feet high, 
yield 1.08 cord (40 x .027). The 30 trees, 4 inches in diameter and 50 
feet high, yield 1.02 cord (30 x .034). The total number of cords for 

•The convprtiriK factors fm chestnut and the oaks were taken from Bulletin i/i r,{ the LV.itcl St,\t«a 
Porett Service. Foi the other sp«ciea, bultetins 7J «jd So were cvnsultctl. While not construcled Iroza 
tma growing in New York, thtae Ublei should sive approxiinately BccunOo figum 
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all trees 4 inches in diameter is therefore the sum of these three values, 
or 2.60, which is placed in the last column. The same method is followed 
for all diameters. The sum of the vxUues in the right^iand oolunm gives 
64, the total number of coeds on the area. 



TABLE 10. Amount of Cordwood Contained in Omb Maplb, Bikcb. or 

Beech Tree, by Height 



• 


30 


40 


50 


60 


70 


80 


Breast-height diameter 
(inches) 


Cords 


Cords 


Cords 


Cords 


Cofds 


Cords 


4 


.023 
.031 
.040 
.047 


037 

•055 
.062 

.071 

.091 

117 

139 
.161 




















I::::::::;;:::::::::::::: 










7 


• 077 
.091 
.117 

tA\ 


.113 
•147 

1Q2 




8 






9 








10 












.161 .222 


.256 
303 
357 

.416 

.500 

555 
.588 

.666 

• 








.185 

.227 
.263 


.256 

.294 

345 
.400 

•455 




u 
















16 








«7 






625 
.714 


18 
















TABLE IT. Amount of Cordwood Contained in One Hickory Tree, nv Height 






40 


# 

SO 


60 


70 


80 


Breast-height diameter 
(inches) 


Cords 


Cords 


Cords 


Cords 


Cords 


Cords 


4 


.016 
.025 

•034 

.042 
.053 


.020 
.037 
.040 

■055 
.077 
.096 
. 120 
.149 
.178 








.332 

263 
312 

357 
416 
.476 




.040 

055 
.071 

.100 

.122 

153 

.185 

.217 

.256 






6 


.071 

.091 

.III 
.149 

182 
222 
264 
312 

•357 
.416 








S:;:::;::::::;:::;::::::: 

9 


143 

.182 

222 
263 
312 
•357 
.416 

.4.76 


10 

II 








13 




»4 






15 






+ » ■ ■ 4 * 


tfi 






.555 1 625 
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HOW TO DETERMINE THE STUMPAGE VALUE OF TIMBER 

After it is definitely known how many thousand feet of lumber or how 

many cords of wood a ^ivcn tract of land will yield, there still remains 
the problem of dctermiiiiiij^ the sale value of the stumpage. This i? a 
problem into which a j^Tcat many factors eiUer, such as the cost of team- 
hirc and labor, the distance of the timber from the nearest mill and 
market, the ease with which the trees can be felled, cut into Ic^s, and 
hauled to the mill. There is such a wide variation in the cost of labor 
in different i)arts of the counlr}', and so much depends on the relative 
accessibility of the timber, that the most satisfactory way of handling 
this question is to sec how stumpaj^fc values are determined under a ji:iven 
set of conditions and then adapt the ligures so as to apply to a particuiar 
case. 

First of all» it may be assumed that the timber is so located that a haul 
of one mile is required to reach the mill, and that the mill is located in a 
town which has railroad shippmg fadlities. If at the same time the 
logging conditions in the woods are not difficult, the conditions are most 
favorable for the easy marketing of the timber; stumpage values should 
therefore be the highest. The necessary costs of operations in one typical 
case were as follows: 

Cost per 
thousand 
feet 



1. Felling $0.50 

2. Trimming and sawing into logs 1 .00 

3. Skidding and loading 1 .25 

4. Hauling logs, a mile , .40 

5. Sawing at mill 4.00 

6. PQifu;, transferring, and the like 1 .00 

7. Loading and hauhng lumber to can, a mile .35 

Total $850 



11 lis prohnhly represents the most favorable conditions under which 
lumber t an be jtroduced. It assiunes favorable conditions in the woods, 
mcxlcrate labor co>is (S2 00 \>vr day), and nearness to the mill and the 
shij)piniT point The dilTi reiice lx;t\vccii the total cost of operations 
($8.50) aii'l tlic l(K>al market price of the mill run of the sjiecicii cut, 
minus an allowance fur the oi,>erat( )r's profit of i .s to 25 i)er cent, should he 
apjjruxiniately the value of the lnnlx?r on the stump. By "mill run" is 
meant the averaj^c of all the j^ades of lumber produced from the logs, 
just as it comes from the mill. Most woodlots will produce relatively 
small quantities of the better grades of lumber; therefore the mill run 
values will not be very high. For example, the mill run ctf hemlock 
lumber in a town in eastern New York sells at $18 to $20 a thousand 
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kttit, aooofding to the location of the mill. The stumpage value can 
then be determined by the following rule : 

Dimde the stUing ffic€ hy i plus * a Jair percentagt of profit; from this, 
subtract the cost of operations; the remainder is the stumpage value. 
Taldxig the figures given above for hemlock at $18 a thousand, and 
allowing a 20 per cent profit on operating costs, the operator will find 
that this rule works out as follows, giving a stumpage value of $6.50 a 
tih ffli imnd ■ 

— $8.50 = $6.50, stumpage value 

1.20 

Since the conditions outlined above arc exceptional in that the timber 
is not far from the mill and the mill is situated at the shipping point, it 
may be fairer to assume that oonditions are somewhat harder. Less 
favorable conditions might mean not only rougher, steeper ground in the 
woods, but also greater distances from the woods to the mill and from the 
mill to the shipping point. It may therefore be assumed that a haul of 
three miles from the woods to the mill is necessary, and that a haul of 
similar distance is necessary from the mill to the shipping i:>oint. The 
cost of operations in a typical case under these conditions was as follows: 

Cost per 
thousand 



feet 

I. Polling trees $o 75 

3. Trimming and sawing into logs 1.25 

3. Skidding and loading i .75 

4. Hauling logs, 50 cents a mile for 3 miles 1 .50 

5. Sawing at mill , 4 00 

6. Piling, transferring, and the like 1 .00 

7. Hauhng lumber to shipping point, 40 cents a mile for 3 miles i.ao 



Total In. 45 



It will be seen at a glance that these figures, which represent more 
nearly the average conditions of to-day, bring the cost of operations to 
a much larger figure, and that the difference between local market values 
for the mill run of the lumber and the cost of operations is much smaller. 
It follows that the stumpage value for all kinds of timber rapidly decreases 
as the distance from the mill and from the market increases, and also 
that the stumpage values flccrease raj^idly if the conditions under which 
the logging must be carried on are not fa\'orahle. In these da\'s much 
of our timber is kx^ated in rather inaccessible places, so that the foregoing 
figures represent more nearly the average conditions. 

• The selling price is divided by "i f^us a fair ftrrcmlatf f>f profit " not only in order to cover all actual 
costs of operation, but to insure against lo8»c» ari«in|{ from unexpected aourcea and to allcnr Um oparatOT 
acMiM margin of profit to which be u justly entitled, because he aasumee Mme riain. 
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In determining: the cost of operations, each owner should estimate 
his labor at a fair }jrice. and the cost of his team at a price that he would 
be able to ^et if he were hiring,' it out by the da\- This is only fair because 
work in the woods is not easy, and it i'^ always attended with some risk, 
both to equipment and to the horses employed. The following diagram 
presents in a p^aj)hic way how the costs in lumberinj^ are distributed, 
and it may be of some help to those who are trying to determine the value 
of their timber on the stump: 



a MUM SfHtEt 



Cax B wooet mtc^ rrrm^ . _^«i> 



«2 ^ 



C<Mt pm 



Cat A. iMt 

Fixed charges (fellinR, skidding, aawiac. friUng, mad the liko) 18 75 

Woods to mill, J miles, at so cflntt a mfle , i .so 

Mill to shipping point. 3 mila, at 40 onti a mile t .so 



Totd I11.4S 

CtU B. 

Pined charges, the- skihc $8 . 75 

WofxJs to mill, ihr N.imc I . so 

hiill to shipping point, 6 miles a 40 

TOUl ; ■ SI2.6S 

Cast C. 

Fixed charjfc'. the vimo , H.TS 

Wood* to mill. 6 milc$ 3.00 

11^1 to shipping point, loinikt , 4-00 

Total ■ Sis 75 

In each of the forej^oinj^ cases, the stumj^aj^e value may l>c dsjlcrmined 
by applying the fonnula already given. If the allowance for profit be 
placed at 20 per cent and the mill run be valued at $i8 a thousand (a fair 
value for hemlock), the followuig results will be obtained: 

Case A . 
$18 

" — $11.45— $15 — $1 1 -45 — $3'55 a thousand, stumpage value 
I • 90 

Case B. 
$18 

^ — $12.65 — $15 — $12.65 =^ $2-35 a thousand stumpage value 

Cast C. 
$18 

— $15.75 — $15 — $15-75 = a negative value 

1 . 30 
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In Case C a lu j^'ativc valiK* is obtained. Tiiis iiwiicaLes that unless the 
operator is satisfied with a smaller { (orc enta^e of profit, it will not pay him 
to attempt the manufacture of lumber under the eonditions given. If a 
seUinp price of $24 a thousaiul could be obtained, as might be the case 
with white pine instead of hemlock, he could still aliurd to operate under 
the conditions given, for the formula would then show the following 
results: 

— ^i5-75 = $20 — $15-75 = S4.2S a thousand, stumpagc value 

In detenniiung tlie stumpage value of ooidwood, mudi the same process 
may be followed out; the cost of getting the material to the mill (which 
in this case would probably be a small power-mill operated by the wood- 
lot owner) would be perhaps a little larger than it would be in the case 
of saw logs because small pieces, such as are used for oordwood, are more 
expensive to handle than logs are. On the other hand, there is less expense 
in handling cordwood after it has been brought from the woods because 
the market is nearer, and the cost of piling and transferring to the ship- 
ping point is eBminated. A good cordwood market is very desirable, 
because parts of trees that would otherwise be unmerchantable can be 
worked up into cordwood and sold at a profit. In some parts of the 
State, cordwood brings as much as $5 a cord wholesale, for mixed woods, 
and as much as $6.50 a cord for special kinds, such as hickory, which 
makes the best fuel. When retailed, or sold delivered in the cities 
and towns, the price is much higher than this. 

In certain part< of the State, woods of a particular species bring a very 
j^cxxl price because ihcy are used in the manufacture of some article of 
trade for which there is a great demand. For example, basswood or 
maple ma\' be much in demand for veneers; or poplar, which in some 
places is almost worthless, may be in great demand for pulpwood. The 
presence of a plant that is engaged in the i)rcxiuction of woo<l alcohol, 
acetic acid, and the like, may gi\'e a greater value than is usual to such 
species as Ix^ech and birch; or the presence of a local charcoal industry 
ma} in the same wav atTord a greater value to certain waxls of the region. 
Local markets should always be studied carefully, and advantage taken 
of them. If cordwood brings a good price, the management of timber- 
lands on a profitable basis becomes a relatively simple matter, because 
nearly all the product of the woodlot can be utifized and -no special treats 
ment is necessary. If the market for lumber is good locally, and there 
seems to be a st^y demand for timbers of saw-log size, it will require a 
longer time to produce the material but it will bring a better price in the 
end. Clear, straight timber will produce lumber of higher grade and 
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greater value than crooked, limby trees, and a little attention to the ^ow'th 
of the timber when it is } ounj^ and vij^orous will be repaid by the 
production of a greater proportion of dear, first-grade lumber. 

SUMMARY 

In conclusion it may be said that the value of timber, on the stump, 

depends chiefly on three things : 

(1) The species, or kind, of timber. 

(2) The oix^ratinj^ costs, that is, the total rost of cutting, hauling to 
the mill, sawinJ^^ and transferrin^^ to the shi[ imul^ point. 

(3) The market conditions, that is, the supply and the demand. 

The last of these three factors is particularly varial)le. and should be 
watched closely so that advantage may bo taken of a gocxi mai ki t. 

In estimating the amount of merchantable timber in a piece ui woods, 
two methods are open to the owner. In the case of small vvoodlots the 
trees may be counted indiWdually, and the logs that they will yield ma\' 
be tallied, so as to be scaled later. When the area to be covered is large, 
a certain proportion only is estimated in detail, and care should be taken 
to select stands that represent average conditions. 

Unless the owner of woodlands can rely on contractors to do eaxeful, 
honest work» with as little damage to young trees as possible, it will be 
better to supervise the work in the woods very carefully, or, better still, 
to do it for oneself. Careless woodsmen are likely to do unnecessary 
damage, and this source of loss should be avoided. 
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THE CORNELL READING-COURSE FOR THE FARM 

The Cornell Reading-Course for the Farm aims to assist thos«' who 
desire to read reliable agricultural literature. It pro\'ides an opportunity 
for those who are unable to leave their work to receive in their homes 
consecutive instniction nn subjects of ijarticular interest. The course 
is conducted by means til limited lessons df^nlini' with yiractical ai^cul- 
tural i)roblenis. Certain lessons discTAss fundamental i)rinciples which 
should be understood by those who wish to farm most successfully; others 
contain concrete su^j^estions or give detailed direeti(iiis for the best prac- 
tices. Below is given a list of available lessons showing the arrangement 
by series. The number of lessons available is increased by the i)uhlica- 
tion of a lesson each month, which is added to the appropriate scries. 
The new lessons arc sent to readers as issued. Enrollment in the course is 
by series. Each lesson is accompanied by a discussion paper which con- 
tains questions on the important points in the lesson. If the discussion, 
paper is returned it is read car^ully, and a personal reply is made when 
information is requested. Anotlier Reading-Couxse lesson in the same 
series is sent on tbe receipt of a discussion paper whether the questions 
are answered or not, as the return of a discussion paper indicates the 
reader's desire for further instruction. It is hoped that the discussion 
paper not only will assist the reader, but also will bring the College and 
the individual farmer closer together. 

Often the most benefit from the Reading-Course has been derived by 
the organization of study dubs. When groups of persons discuss Reading- 
Course lessons together, there is an added interest and an opportunity 
for the exchange of ideas which results often in mutual helpfidness among 
members of the group. 

AVAILABLE aSADllfG-COURSB LBSSONS FOR THB FARM, ARRANGED 

BY SBRIES 

Residents of New York State may register for one or more of the series 
mentioned below by addressing .The Comdl Reading-Course for the 
Farm, College of Agriculture, Ithaca, New York. 

SBRIBS LESSONS 

The soil 42 Tilth and tilla<^'e of ihe soil 

50 Nature, elTects. and mauuenance oi himius 
in the soil 

Poultry 6 Incubation — Part II 

10 Feeding young chickens 

Rural engineering 8 Knots, hitches, and splices 
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i64 The Cornell Reading-Courses , * 

« 

SERIES I.I'SSONS ^ 

Farm forestry. . 12 The imijrovement of ihe woodlot \ ' 

28 Recent New York State Laws j^ivin^ rclie • 
from taxation on lands used for lorestry 
purposes 

40 County, town, and village forests 

62 Methods of determining the value of timbei 
in the farm woodlot 
The horse 14 I lorse-brccding to increase the f ami income 

46 Feeding and care of the horse 

56 Practical horse-breeding . 
Dairying 16 Practical dairy profalenis 

3 2 Cosnpositioii of milk and some of its products 

54 The dairy herd 

60 Farm butter-making 
Fruit-growing 18 The renewal of the neglected orchard ^ 

22 The culture of the currant and the gooseberry 

36 Culture of red and black raspberries and of 
purple-cane varieties 

48 Culture of the cherry 

52 Culture of the Uadcbeny 
Farm crops 20 Alfalfa for New York V: 

24 The rotation of farm crops 

66 Meadows in New York (in press) 

Stock-feeding 26 Computing rations for farm animals 

Vegetable gardening. . 30 Hotbed construction and management 

34 Home-garden planning 

58 Planting the home vegetable garden 
Plant-breeding 41 Improving i)lains by selection or breeding \ 

38 Principles and methods of plant-breeding 

44 Mothmls of hrc'i'dni^' oats 

Country life. 64 The farm home and the rural school (in 

press) 

The above list is correct to June 15, 1914. The demand may at any 
time exhaust th( su])])ly uf particular nimibers. Requests will be tilled 
as long as the suppl}- lasts. 
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THE APPLICATION RECONNAISSANCE DATA TO^'^- ' 
THE PROBLEM OP MARKING TIMBER 
FOR CUTTING 

By. Richard H. Bqerkcr 

The object of this study is to inquire into the number of trees 
to the acre, the density, the representation of age classes and 
the contents of trees and stands in our Western Yellow pine 
forests, with the idea of securing data that might be of use in 
the management of these stands. About 60 per cent of the mer- 
chantable timber on the Lassen Forest is Yellow pine ; the latgest 
and most continuous stands are found in the eastern and central 
parts of the Forest 

This study is confined to pure Yellow pine stands, i^,, stands 
in which YeUow pine represents 80 per cent or more of the 
merchantable dmber. The data used were taken from the forms 
made out in the reconnaissance work of the last two years. 
Owing to the fact that these data include only those trees above 
6 inches D.B.H. the study involves only trees above that diam- 
eter. Investigations have shoAvn that on the basis of the number 
of trees per acre the average Yellow pine stands are composed 
about as follows: 

Other species 10% 

Yellow pine: 

Under 5 inches. 10 

Over 5 inches 80 



Total 100 

The stand on each form, representing two acres — usually a 
fair average of the entire forty — , was classified into 6 diameter 
groups, namely : 6-10", 11-20*, 21-30^ 31-40", and over 40*. This 
was done with 350 forties. These were taken by groups of sec- 
tions and were representative of the pure Yellow pine stand in 
17 townships. These data represent 700 acres actually calipered, 
and if we assume that the ordinary strip taken through the 
center of a forty ts fairly representative of the entire forty, 
then this study is based on 14,000 acres. 

The Average Number of Trees Per Acre 

After the stands had been classified into the 6 diameter groups 
mentkmcd before, it was found that the 700 acres in question 
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contained from d to 80 trees per acre. Upon closer examination, 
it was tooted that 28 trees per acre was the dividing line, so to 
speak, between the average and the maximtun, for only 14 acres 
out of the total 700 contained more than 28 trees per acre. 
Below 28 inches the stands were divided as follows and the 
entire 700 acres classified : 

TABLB 1 

No. Trees No. Acres Per Cent 
Class per Acre Measured of Te4al 

I Vefv open S- 9 222 32 

II Open 10-15 220 31 

III Medium , 16-20 148 21 

IV Dense 21-28 96 14 

V Very dense 28^0 14 2 

Total 700 100 

From this table it will be seen that a large majority, in fact 
84 per cent, of oor Yellow pine stands contain 20 trees or less 
per acre. If distributed evenly over an acre, these trees, young 
and old, would be about 50 feet apart. This condition imme- 
diately reflects the conditions of soil exposure, drouth and brush, 
which, as a matter of fact, are present. 

The various density classes were found to conform very 
closely to various sub-types in the Yellow pine r^ion. It seems 
only natural that the density of a stand should be closely related 
;o the site which that stand occupies. In general, the lower the 
Utitude and the drier the site, the more open the stand; and the 
lii^hcr the altitude up to a certain limit, the greater the amount 
>f soil and atmospheric moisture available, the greater is the 
endency towards a mixture with other species, the denser is the 
jtand and the better the forest conditions. The description of 
;hcse classes is as follows: 

I. Very open. — (5-9 trees per acre.) Usually pure, but occa- 
sionally mixed with Lodj^^cjxilc ])ine of poor quality. Soil IiL^ht 
volcanic ash. Site : poor, open, dry, sage-brush flats. Elevation : 
6400 to 5700 feet. 

II. Open. — ( 10-ir. trees per acre.) Usually pure, but occa- 
sionally mixed with White fir; on lava flats with heavy under- 
growth of manzanita and snow-brush. Soil: volcanic ash with 
loam and clay. Elevation : i5400 to 5700 feet. 

III. Medium. — (Ifi-iiO trees per acre.) Sometimes pure, but 
often mixed with White fir and Lodgepole pine; on lava flats 
with light to medium cover of snow-brush and manzanita. Soil: 
volcanic ash, with considerable loam and clay. Elevation: 5400 
to 5700 feet. 
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IV. Dense. — (21-28 trees per acre.) Humid slope type mixed 
with White fir, also cedar, Douglas fir, Suj^ar pine and lixlgepolc 
pine. Soil : rich, sandy loam with gravel and disintegrated shales 
and slates in mixture. Elevation l.")UO to 5800 feet. 

V. Very dense. — (^Over 28 trees per acre.j Humid slope lype 
like above, usually about 5500 feet. 

Having determined those density classes, the next step was to 
ascertain the relation of these classes to the diameter groups 
spoken of before. Accord in j:,^ly, the average number of trees 
per acre for each class and each diaiiicicr group was determined 
and compiled into the following table: 

TABLE 2 

AvEKACE Number uf Trees per Acre 



MaX' 

Diameter Very Very Aver- imum 

Groups Open Open Medium Dense Dense age^ Acre 

^-lOinches 0.63 3.0 3.4 5.3 9.2 2.8 48 

11-20 0.9 3.8 4.6 8.0 11.2 3.7 15 

21-30 1.2 2.7 5.3 8.4 13.5 3.8 15 

31-40 2.4 3.1 3.3 3.5 4.7 3.0 1 

Over40 1.7 1.8 1.3 0.9 1.1 1.5 1 

Totals Ti IaA 17^ 2^1 517 vTi BO 



Probably the most striking result of this table is that the aver- 
age ntunber of trees per acre above 6 inches D.B.H. is only 14.8. 
The maximum acre given above is the acre in Class V that had 
the greatest number of trees on it. It is interesting to note 
here how the average compares with the best we have. Another 
feature of this table is the poor representation of the lower 
diameter groups and the large percentage of trees over 20 inches 
in diameter. It is likewise interesting to note that as the density 
of the stands increases, the lower diameter groups are better, 
and the upper diameter groups more poorly represented. 

Density of Stands 

It is by no means an easy matter to obtain figures on the 
density of all-aged stands. Considerable time was spent in try 
* ing to arrive at a method of determining this factor. It was of 
no avail to try to compare our stands with German stands of 
Scots pine, principally because of the great difference in sixes 
and age of the two species and on account of the fact that stand 
and yield tables are in most cases made for even-aged stands 
under careful management. It was concluded that all the litera- 
ture written would not be of as much use as a few hours spent in 

* Properly weighted oa basis of oaeage^ 
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the field. Quite a few crown measurements were taken during 
the last two summers and this fall a new method occurred to 
me. In riding through these Yellow pine stands after a light 
snowfall, I noticed that the open spots underneath the trees 
(that were free from snow) corresponded veiy nearly to the 
projected crowns of the individual trees. This observation re- 
sulted in a very easy way of measuring crown diameters and 
the areas of the crowns as projected on the ground. The follow- 
ing table shows the results of these observations: 

TABLE 3 

Average Diameter Area of Projection 

Diameter Breast High ef Croon 

Group Inches Sa. FL 

6-10 inches 8 100« 

11-20 inches 15 348* 

21-30 25 1038 

31-40 35 1536 

Over 40 . . 1925 

Applying these figures to the various classes of stands based 
upon number of trees per acre, we get the density of our Yellow 
pine stands in tenths based upon an ideal acre. 

TABLE 4 

Total Trees 

iter Acre Total Area Crown Density 

DeruUy All IHamOtn Projected Crowns in Tenths 

Class (Firom Tails 2) Sq. Ft. per Acre Based upon Ideal 

1 6.8 8,581 .23 

II 14.4 12.652 .36 

III 17.9 15,014 .42 

IV 26.1 19,141 .55 

V 39.7 28.168 .81 

Avrnn 14.8 13,107 .38 

Maximum 80.0 29,050 .83 

Ideal 34.848 1.00 

The ideal acre is an acre (43,560 sq. ft.) of Yellow pine, in 
which 10 per cent, or 4356 sq. ft is allowed for the young stuff 
below 5 inches D.B.H., and an additional 10 per cent, or 
4356 sq. ft., is allowed for "other species," the remaining 80 per 
cent, or 34,848 sq. ft., being taken up by the Yellow pine over 
6 inches D.B.H. considered in this study. This assumes that the 
trees utilize every square foot of sunlight, there being no over- 
topping. This is largely true in the case of Yellow pine, on 
account of its intolerance. Tlie projected crown area of the 

• Average area per tree, fifty-year Scots pine No. I, diameter 8 inches, is 

94 square fcc-l. 

* Average area per tree 120-year Scots pine No. 1, diameter 16 iocbea, is 
283 sqttare feet. 
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ideal acre, therefore, represents the maxhnum amount of crowns 
that can be crowded on one acre and still have each tree enjoy 
the maximum of direct sunlight There is, undoubtedly, under 
normal conditions considerable overtopping, and for this rea- 
son the ideal acre on the basis of total crown space is conserva- 
tive, for it does not take this into account. On the basis of the 
ideal acre 84 per cent of our Yellow pine stands have a crown 
density of less than 0.42 or are less than half stocked. 

Such a basis of comparison as the one above is fairly indica- 
tive of the degree of density of the Yellow pine stands. There 
is a relative comparison between our poorest and best Stands, 
if nothing else. It is safe to say that the ideal is by no means 
the best that can be grown, for reasons mentioned above. For 
this reason these densities are probably high. 

The Representation of Age Classes 

By consulting the latest growth tables on Yellow pine, the 
following relation appears to exist between the diameter groups 
mentioned above and the age of the trees: 

Diameter Group Age 

6-lOiiicliM 40-55 yean 

11-20 55-100 

21-00 100-150 

31-40 150-270 

Over 40 Over 270 

For the purposes of this study only three age classes wiXi be 
considered, as follows: 

TABLB 5 

Diameter Group A f e 

6-20 inches 40-100 years 

20-30 100-150 
31 incbe* and over Over ISO 

The following table gives for each crown density dass the 
representation of the three age classes in per cent: 

TABLB 6 

Rgpresentatum by A§t Qtutu 
Trees Years 
Crown Per Acre 150 and 

. Density A U Ages 40 100 100-150 orrr Total 

Class From Table 2 from Tobies 2 and 5 Per Cent 

Very open I 6.8 22% 18% 60% 100% 

Open 11 14.4 47 19 34 100 

Medium Ill 17.9 45 30 25 100 



IV 26.1 50 32 18 100 

Verydenae V 30 7 51 34 15 100 

Average.... U.8 44 25 ,11 100 

MaxiflMun Acre. 80.0 79 l** : 



Digitized by Google 



462 



Forestry Quarterly 
Contents of Stands and Trees 



If we apply a Yellow pine volume table to the trees in the 
various densi^ classes^ we get some interesting results: 



TABLE 7 

Trus Acre, 
AU DtameUrs 
Clan Tabk 2 

Very open I 6.8 

Open II 14.4 

Medium Ill 17.9 

Dense IV 26.1 

V«y dense V 39.7 

Average. 14. 8 

Masimom acre 80. 0 



Tetal Volume 
AU Trees 

12,142 Bd. Ft. 

15,385 
15,839 
17.374* 
24,595 

14,81 
19,490» 



Average Volumt 

per Tree 

1785 lU 
1070 

885 

665 

620 
1000» 



To show how the vohmie of the stand is distributed in the 
various age classes and to give an idea how much of our merchant- 
able timber is in the form of mature and over-mature trees, the 
following table is ofi[ered: 

TABLE S 









Stand 


per Acre by Age Classes 










Years 








Total 


40-100 


100-150 


Over 150 






Stand 


(6-20 


(20-30 


{over 30 






per A ere 


inches) 


incites) 


inrhfs) 




I 


12,140 


100 


750 


11,290 




100% 


1% 


7% 


92% 




, ,11 


15,385 


450 


1745 


13,190 




100% 


2% 


11% 


87% 




...HI 


15,840 


500 


3230 


12,110 






100% 


3% 


22% 






IV 


17,375 


930 


5460 


10,985 






100% 


4% 


32% 


64% 




....V 


24,595 


1330 


9100 


14,165 




100% 


s% 


35% 


60% 






14^15 


450 


2100 


12,265 






4% 


14% 


82% 



• Tliis conrf^pond^ very nearly to the aven^ figoies aecttred in the reooQo 

naissanc€ compuLatioos. 

• This would make the average Yellow pine for the area examined 28 inches 
D.B.H., with five logs, and from this we can figure that the logs in the Yettow 
pine type run on the average of 5 per M ft. B.M. 

This » baaed on 10,360 trees cabpered. 

• It is vtry evident that this tabic docs not show a true condition of affairs. 
It is based on the ntxmber of trees per acre and a large number of trees per 
acre does not neoessarily mean a hmvy stand. But fiene, as diewhere, it is 
significant that young growth from 6-20 tndies is the most important ttctor 
that determines the density of stands. 
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Results of the Study 

Number of Trees per Acre: 

1. Average niimbLf of trees varies from 5-80 per acre. 

2. Average iiuuibcr per acre for 700 acres of 14.8 trees. 

3. About b-L'/o of the stands have 20 trees or less per acre. 

4. Only l^fo of the stands have more than ISO trees per acre. 

Density of Stands (based on ideal acre) : 

1. Crown density varies from 0.83 to 0.81. 

2. About 84% of the stands have a density of from 0.23 to 
0.42, and are therefore only *4 to 16 stocked. 

3. Only IV/c of the stands have a density of 0.55 or about y», 

4. Only 270 of the stands have a density of 0.81. 

5. Average crown density of Yellow pine stands is 0.38, and 
therefore they are less than stocked. 

Representation of Age Classes: 

1. In our Yellow pine stands from 15-60% of the trees are 
over 150 years old and over 30" in diameter. The average per- 
ceaUge oi uver-maiure trees is 31%. 

2. The more open the stand the less the representation of 
young timber below SO" and the greater the representation of 
the old trees above 30*. 

3. In {^oing from the very open to the very dense stands the 
percenia^i. s iticrease from r to 79% in the case of the young 
timber and decrease steadily ironi 00% to 2% in the case of the 
mature timber. 

4. Our stands do not obey the law of the number-of-trees- 

pcr acre-age curve which shows that the representation in the 
younger a^e classes should be much greater than thai in the older 
age classes. 

Contents of Stands and Trees : 

1. The more open the staiid the greater the average contents 
of a tree. 

2. Volume per acre increases with the density of the stand. 

3. The avera;[^^e Yellow pine tree for large areas contains 1,000 
board feet, i'^ about ^s" D.B.H.. and contains 5 logs, which would 
indicate that this timber runs 5 logs per M ft. 

4. From 60-98% of the merdiantable timber is over 150 
years old and over 30" in diameter. 

5. The amount of merchantable timber over 150 years old 
decreases as the density of the stands increases. 

Vk Most of cutting will liave to be done in the class that is over 
150 years old. 
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7. The very open and the open stands have the greatest amount 
of mature timl>cr in them and unfortunately are the ones that 
can stand cutting least of all. 

8. A comparison of tables fi and 8 is valuable in that it shows 
the relation of the proportionate volume in each age or diameter 
class to the numher of trees m that class. For example, if all 
the timher above 30* In diameter is marked for cutting In the 
average stand this ivould remove only 31% of tiie trees, but 
82% of the volume. 
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PREFACE 



THE liimberriian is bep:iniiin^ to realize the necessity for stimdardis^ 
iiiLT the methods employed in haudliug his industry. We recognize 
iho problem of standardization as a broad one and feel that the following 
diftcus-Mon of rules is an appropriate eontribution to the solution of 
a problem which iutluenees both the commercial handling of lumber and 
the seientilie study of forest products. There is an unquestionalde need 
for a standard rule for the accurate determination of the volume of 
lo<^ of "various lengths and diameters, and the amount of manufax-tured 
lumber possible to produce from such logs. There are many log rules 
in use throughout the United States, some more accurate than others. 

The following discussion has been pn-pared by ?^Ir. II. E. McKenzie, 
Forest Engineer with this departuicnt, and w;iii suggested by the result 
of a mill scale study (to be issued as a spparate publication) in which the 
statute rule of rjilifurnia, the Spauldiug Log Rule, was fuund to show a 
markrd disn. paiicy between the log scale and the amount of lumber 
snwt'd out. This discrepancy led to the further investigation cmiiracing 
all of tlic log rules in use in the United States, with the view of determin- 
ing what rule, if any, is umveisuiiy applicable or to devise such a rule. 

G. M. HOMANS, 

State Forester. 



Digitized by Google 



CONTENTS 

Paqb 



INTRODUCTION , _ 5 

CONSTRUCTION AND irNDKRI.YTNa PRTNPTPl.KS OF T.Of; RTTf.RS fi 

LiOO RULBS IK Gbneral 6 

The Thuke Rri.LS Most Commonly Ubkd : 

Tlie Siiaulillng Log Rule 7 

The; Scrlbner Log Rule 10 

The Doyle Log Rule _ 13 

The McKenzik Log Rule Ig 

Ita Application 20 

A rOMPART.qOV OF THRMK DTFPKRF.N'T TYPFS OV T^Ofl WTTT.P!« 

MISCELLANEOUS LOQ RULES 38 

LOG RULES BASED ON STANDARDS 39 

THE TRANSFORMATION OF VOLUMT': TAHLKS RASKD TTPON A GH'^N 

LOi; HKLF. TO VOLU MK TAHI.KS F^ASKlA IIPOX OTHKR RULKS i2 

THE TRANSFORMATION OF THE SCALE OF A NUMRER OF T^GS IN 
TIIK ACUIRRGATE. RASED UPON A GIVEN LOG KITLK. TO SCALIg 
OF THE SAME LOGS IN THE AGGREGATE. BASED UPON ANOTHER 

LOG RULE ^ , 43 

SUMMARY -__ ■ _ - -- ^ 51 

API'KXIMX - _ - - - . - - - - _ - TkI 



ILLUSTRATIONS 

Pagr 

Fig. 1. A Graphic Analysis of the Spaulding Log Rule,. , ^ 8 

Fio. 2. A Curve Showing How Close ly th.> Formula <.048D' — 2)L ^ B.M. Fits 

the Spaulding Log Rule 9 

Fia. 3. A Graphic Analysis of the Scrlbner I>og Rule 11 

Fio. 4. A Curve Showing How CIoHoly the Formula (.04S/>» — 3)7^— B.M. Fits 

the Scrlbner Log Rule 12 

Fio. 5. A Graphic Analysis of the Doyle Log Rule 14 

Fia. 6. The Doyle Log Rule as Applied to a 6" Log IB 

Fio. 7. The Doyle Log Rule ns Applied to a 30" Log 15 

Fig. S. a Graphic Analysis of the MoKenzle Log Rule 19 



d by Google 



DISCUSSION OF LOG RULES 



INTRODUCTION 

IT is customary amoug the iumbennen of this country, when buying or 
selling logs, to base th^^'r oalculations upon tlir vahio of the Ininher 
the loffs will pmlinn' whm sawcfl rather than upon the total volume. The 
by-products, sueh as slabs, sawdust, and loss by normal crook, which 
accompany the mannfactiire of lumber from logs of Tarioufi sizes, are 
therefore ignored in the valuation, and tables have been oompiled which 
aim to show the volume of lumber in units, known as board feet 
(l"x 12"x 12"). aft<'r tlu^ olimi?iation of by-products has been made. 
Sueh tables are called "loir rules.'* 

It is the object of this publication to discuss many of the dilTerent log 
rules now in use, to show the principles upon which they are based, and 
wherein they are defective; to introduce a new log nile, based upon 
mathematical priiu'iples, and designed to be flexible to the varying con- 
ditions, both in iiiillmg operatiniK and in the character of tiic tiiulx-r to 
be sawed. Also, to show relations, where they exist, between any two 
rules or any number of rules, such that a traiMformation from one role 
to another can be accomplished, and to reduce the various rules, wher- 
ever possible, to a definite form, in order that comparisons by formulae 
may he easily nuide, and the allowance for slabs, sawdust, etc., by each 
rule readily ascertained. 
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GONSTBUCnON AND UMDSBLTIKO PBIN0IPU8 OF 

LOO BULE8. 

LOQ RULES IN GENERAL. 

About forty-five log rules have been devised within the last seventy- 
fivo years for the measurement of sawed luinlior from lojc^s of difTcrent 
sizes, and the values shown by these different rules i iner an enormous 
range. It is safe to say that 90 per cent of them are so constructed tliat 
at best they are of value only under the conditions of the locality where 
tht y were first employed, and there is no means wlu reby they can be 
intelligently corrected for other conditions. Such is the case with all 
log rules bnsed upon diaij^rams showing tlio ariKnint of lumbpr in logs 
after allowances have been made for slabs, ^aw-kerf, etc. Such is the 
case with all log rules obtained by correcting these riUes or combining 
them for others. Also rules resulting from actual experience at saw- 
mills \ui\v tilt' same objections. They bear the prints of local conditions 
and, due io the incthod whereby they caine into existence, they can 
never bf anythinj^ more than local, and can oij1\ be ai)plied to milling 
conditiom* similar to those existing at the mills where they were first 
constructed. 

The only logical way of constructing a log rule which will be flexible 
and which will adjust itself to universal conditions, is to so construct it 
that the nndt rlyiiiL,'. fuiidaiiienla! principles are so segregated as to 
iiiakf them independent of one another, and to have them so worked 
together as to give the aggregate result of all factors, which will be in 
all eases proportional and equal to the volume of the manufactured 
product. There are .several distinct principles underlying the measure- 
ment of luiiibi r wiiich lo<rs of different sizes will produce, which cannot 
Ije overlooked in an> rule that is ilcslined to beeome n correct universal 
measure. Such a vale must embody tiic principle that the slabs which 
cover the material, or part of the lo^ which Is to become the finished 
jumlnet, should be allowed for by making the allowance proportional to 
the barked area of the log. The slabs are the covering, as it were, which 
neee.ssnnly lias to be reniove<l in order to «;et to the part of the log 
that produces lumlx^r, and they should not be, and lire not, cut any 
thicker from large logs than from small ones. The best material con- 
tained in the log usually lies nearest to the bark, and it is greatly to the 
advantage of the millman not to waste any of bis best grades. 

Several log rules in most eoiiinion use today do not embody the above 
]>rineiple. The Spanliinig Log Knh'. wliicli is the statute rule of Cali- 
fornia, docs not adhere to it. The Seribner Kule. which is the official 
rule of the Forest Service, U. S. Department of Agriculture, and of 
several states, d< s not take it into consideration, and instead of having 
the vohinie of slabs proportional to the barked area of the l(»jrs. tlicy 
have them propoi'tional to the total volume, as w ill lie shown further on. 

It would not be any more absurd if one tried to tigure the number of 
board feet necessary to side up a house by figuring the volume of the 
house instead of its lateral surface. A definite per cent cannot be 
given as in licatinir the relation of slabs to trees of different volume, 
any more than a definite jM-r cent tan be given as iiidienting the rela- 
tion of all lateral surface to the volume of hou.ses of different dimen- 
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sioDS. The Spaulding, Scribner and all other log rules with a waste 
allowance for slabs varying directly as the volume of the log are math- 
ematically incorrect, since there is no reason for cutting any thicker 
slabs from large logs than from small ones. 

Another yiririciple niidorlyino:' the Tii'^nsnrcinont of lunibf^r oontained 
in lo?s of dili't'rent diamotrrs and lengths is the relation of the allowance 
for sawdust to the size of tlie log. Since the waste allowance which 
should be allotted to slabs should be proportional to the barked area, 
it can be met by reducing the diameter of all sixed logs a constant 
amount, and the romnininfr volume can then ])c consiflerod ns luni})or 
plus sawdust. It is very evident tliat the sawchist allowance depend.s 
upon the dimensions of the lumber to be sawed and upon the width of 
the saw used. It is also evident that, for any .specific width of saw-kerf 
and dimensions of lumber to be sawed, the allowance for sawdust should 
be a definite per cent of the total volume of all logs, not including slabs. 
A sawdust factor which fulfills these conditions is as follows : 

(w + k) it + k] 

Wliere k = widtii of saw, in inches. 

10= average width of lumber to be manufactured, in inches, 
average thickness, in inches. 
This factor shows what fractional part of the log minus allowance 
for slabs should be allowed for sawdust. 

represents the fru<*tional part of the log after slab allowance is made, 
which becomes lumber. 

Log rules which ignore these principles can not be any more than ' 
local rules, applying to conditioas existing at very few mills. 

There are several other considerations to be taken into aeeonnt in 
eonstruetinir a log rule, which are not of nnoh vital imporlanee as the 
two principles cited above. They are allowaneesi fur taper, .shrinkage, 
normal crook and excessive taper in small logs. All of these factors 
depend largely upon the character of the timber, and should be adjusted 
acenrdingly for the different species, and for the same species growing 
under different conditions. 



THE THREE RULES MOST COMMONLY USED. 

The Spaulding Log Ride, 

The Spaulding Log Rule is the statute rule of California, having been 
adopted by an act of the legislature in 1878. It is constructed from 
diagrams, and the following comments upon it were published by its 
author : 

"Each sized loir }ias been senird so as to make all that can be 
practically sawed out of it, if eeonomieally sawed. Kaeli log to be 
measured at the top of small end, inside of the bark, and if not 
round, to be measured two ways — at right angles — and the average 



Digitized by Google 



8 



STATE BOABD OF FOKESTBY. 



taken for th^ diameter. Where there are any knourn defeeta, the 
amonnt to be deducted should be agreed upon by the buyer and the 
seller, aud no fraftions of an inch to lu' taken into the measurement. 

"In the f()re<r()inf^ ta})le T have varied the size of the slab iu 
proportion to the size of the lo{|, and have arranged it more particu- 
. Urly for large logs by taking them in seetions of twelTo feet and 
earrying the table up to 96" in diameter. As there haa never been 
any in use for scaling over 44", it has been my purpose to furnish 
a table for the measuring of logs that can be implicitly relied upon 
for correctness by both the buyer and the seller; and to do so, I 
have spared no pains to render it perfect.** 

This rule has been very carefully prepared, and all values given arc 
yeiy consistent with the principles upon which it is eonstmcted. These 
principles arc clearly shown in tlie graphic analysis made of the rnle 
in Fig. 1. They are as follows: (a) The sawdust allowanee \aries 
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ARCA INSIDE BAftK SMALL END-SO FT 

Fia. 1. A srr.iplilr nnaly.'<l.s nf tlie Spaiildlns Lop; Hnli>, h;iso<l upon nroa In sqiiaro 
feet Insiilo h.uk .ii .sm.-ill (>n»l of lugs. Tliis diaurain shows tin- fidlowinB : (ft) Top 
curve, t'ltal (■ontf-nls in board fr-ot of Iors of diff<'i< nt <liam< t< rs 16' lonj; with no 
allowatx )' niadf for taptr. (b) <'ur\'' "k," Mihitm- in hoard f<M t rt inaininR after 18'^ 
of the total vuhmif- ha.s hten allowed for sawdust (tliis allownnrr is about riRht for 
J" .saw-k'-rf ) . (r) Curve pa.ssinp through orlKin and tirawn paiallel to bottom rurve. 
(d) Bottom curve loraled by plottinK volumes in h()ard f«'et f<tr 16' logs of even 
inchea in diameter Inside bark, an Riven by the Spaulding Kok Rule. The formula 
indicated by thi.s analy.«?i.s is as follows: (.0)8/>'" — ^ 2 )L = B. M. volume in board feet. 

directly with the volume, (b) Sliil) allowance varies directly as the 
volume plu.s a con'>f;mt. (o) No allownnt-r' made for taper, (d) No 
allowance made for normal crook, (e) Total waste allowance remains 
constant, regardless of the width of saw-kerf. 

The big disadvantage of such a rule lies in the fact that it is not 
flexible to conditions existing at mills in different localities where it 
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mipht be usod, or to the charaeter of the timber sawed. It is unaffected 
by taper, normal crook, width of saw-kerf and excessive taper in small 
logs, and such corrections can not be properly made due to the diagram 




method used in first constructing the rule. Fig. 1 indicates the follow- 
ing formula: (.048Z)=— 2) L = B. M. = volume in board feet, which 
very closely fits this rule as shown in Fig. 2. 

Small logs will invariably over-run this scale, due to the constant "2" 
shown by the formula. Intermediate logs will hold up the scale, fall 
below, or go above, largely depending upon the width of saw-kerf and 



Google 



10 



STATE BOARD OF FOKJiSTBy. 



the average dunensions of the lumber sawed. Large logs will generally 

run higher than the intermediate sizes, due to the fact that the slab 
allowance varies directly with the volnrne plus a constant. T!io follow 
in^ deduction sliows the total wasUi allowance of the Spauidmg Log 
Rule expressed in per cent of the rule : 

(.048jy-— 2)L = B. M. = total sawed out as shown hy Spaulding 

Log Rule. 

.7864// 

— — = total contents = JOdobirL 
12 

.0655Z>*L - (.0482^ — 2)£= waate«= [(.0655 ~ .048)1)* + 2]L 
« (.01761>» + 2)L, 

(.01752>" + 2) I 

100 ~rf\Aafv o\ r ~ ^ w«^te baj^ed on total sawed out as shown 

(.0482r — 2) L ]yy .Spaulding Log Rule. 

.^.0175/)^-f 2 
= 100 

.048//' — 2 

When D = 10", the waste allowance based on the total sawed out 
as shown by the Spaulding Log Rule = 134%. 

When D = 20", the wiuste allowance = 52.2%. 

When D^dO"', the waste aUowa]ice=43.1%. 
. When D = 40", the waste allowance = 40,1%, 

When i> = diameter in inches of very large logs, waste allow- 
ance = 36.5%. 

The Seribner Log Rate. 

The Seribner Log Rule is the oldest rule in general use, and is the 
statute rule of Idaho, Mmnesota, Oregon, Wisconsin and West Virginia. 
Also, it IS the official rule adopted by the Federal Forest Service. 

It was constructed from diagrams the same as the Spaulding Log 
Rule, and the following description was published by its author in 1846 : 

"This table has been eompnted from accurately drawn diagrams 
for each and every diameter of logs from twelve inches to forty- 
four, and the exact width of each board taken after being squared 
by taking off the wane edge and the contents reckoned up for every 
log, so that it is mathematically certain that the true contents are 
bore jriven, and both buyer and sf llcr of lo-js will unhesitatingly 
adopt th*'.sr tables as the standard for all future contracts in tlie 
purchase of saw logs where strict honesty between party and party 
is taken into account In these revised computations I have allowed 
a thicker slab to be taken from the larger class of logs than in the 
former edition, which accounts for the discrepancy between the 
results pfiven in these tnblns and those in former editions. 

**The diameter is supposed to be taken at the small end, inside 
the bark, and in sections of 15', and the fractions of an inch Uot 
taken into the measurement. This mode of measuremeut, which is 
customary, gives the buyer the advantage of the swell of the log, 
the gain by sawini:: into s<:'antling. or larjze timber, and the frac- 
tional part of an incii m the diametnr. Still it must be reiiitiTi- 
bered that logs are never strai<„^ht and that oftentimes there are 
concealed defects which must be taken as an offset for the gain 
above mentioned. It has been my desire to furnish those who deal 
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in lumber of any kind with a set of tables that ean implicitly be 
relied upon for eorreetiiess by both buyer and seller, and to (lo so 
I have spared no paius nor expense to render them perfect; and it 
19 to be hoped that hereafter these will be preferred to the palpably 
erroneous tables which have hitherto been in use. If there is any 
truth in mathcmaties or dependence to ])e plaeed in the estimates 
p^iven in dia^'ranis, there eaniiot remain a particle of doubt of the 
aeeuraey of the results here ^'ivt n." 

This lop: rule <j:ives practically the same results as does the Spaulding. 
It is not as carefully i)rcpared, however, since the values given are not 
as consistent with the nnderlyinp principles of the rnle. A graphic 
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Pio. 3. A graphic analysis of the Soribner Log Rule, based upon aroa in square 
feet Inaide bark at ainaU end of logs. This diaerram shows the foiiowhiR: (a) Top 
curve, total contents in board foot nf loaa of dlfTerent diameters 16' long, with no 
aUowance made for taper. (6) Curve "k," volume In board feet remaining after 
18% of the total volume has been allowed for sawdust (this allowance is about right 
for i" 8a\v-k»rf). (c) Curve passing through origin and drawn parallel to bottom 
curve, (d) Bottom curve located by plotting volume in board fet-t for IC Iors of even 
inches In di:iin»>tfr Inside bark as given by the Soribner Log Rule. Tho formul.T. 
Indicated by this analysis Is as follows: (.048D' — 3)1* B. M. — volnnio in I oard 
feet. This formula Is almost Identical with the one obtained for tho Spaulding Ix>g 
Rule. It does not apply, however, to diameters below 14" or above 75". No formula 
can be written for the Scrlbner Log Rule that will fit all values slven, due to the 
InconslBtency of the Individual values of the rule. 

analysis of it la given in Fig. 3, which .shows the fundamental priuciples 
upon which it is based, and which are the same as for the Spaulding 
rule. The formula indicated by the analysis shown in Fip. 3 is 
(.048D'~ = li. M. = vnlntno in board feet, which is practically the 
same as for the Spaubliiur Lo^-- Rule, the only dilferiMice beinjr in the 
constant "3". Fig. 4 shows liow closely this formula tits the rule. 
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Small logs will invariably overnin this scale, and to a siijrhtly greater 
extent than for the Spauiding Log Rule, since the constant shown by 
the formula is "3" instead of **2". Intermediate logs will hold up the 
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scale, fall Ix'low or go aliovr. largely depcndin}; upon the width of the 
saw-kerf and tiie averaire dinn risions of the lumber sawed. Large logs 
will run higln'r than th«' intermediate sizes, due to the fact that the slab 
allowance is directly pnii^ortional to the volume plus a fonstmt. The 
following deduction shows the total waste allowance of the Scribner 
ride expressed in per cent of total sawed out, a.s shown by the rule : 
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(.0481)*^ 3)£ = B.M.t=s Total sawed out as shown by the Scrib- 

ner Log Rule. 

•7854/)' ^ , ^ r 

total contents = ,0bo6X>^L 

.0655Z)*Zi - (.048D« - 3)L = wastes [(.0655 - .048)D* + 3]L 

= (.01751)=' + 3)L 

™(-0176/>'-f-3) /> . ^ , , 

100 - ^ - —~ = % waste based on total sawed out as shown 
(.0 18/>» - 3) L by scribnor Log Rule. 

.048I)» — 8 

When D = W, the waste allowance based on the total sawed out 

as shown by the Soribncr Log Rule= (Formula does 
not apply Ijclmv 14"). 

When D = 2iV\ the wastf jillowance = 61.8%. 

When D = 30", the \va«te alio wanee = 46.7%. 

When D = 40", the waste allowance = 42.0%. 

When D = diameter in inches for very large logs, waste allow- 
ance = 36.5%. 

The DoyU Log HuU, 

The Doyle Log Rule is used throughout the entire country and is the 
statute rule of Florida, Louisiana and Arkansas. It is eonstnicted 

from the formula! — ^ — t Ls^B. M., which is stated as follows: 

Deduct 4" from the diameter of the log as an allowanee for slabs; 

squarr one (juarter of tlif remainder and multiply flu^ result by the 
lenj»th of the lop in feet. No mention is made in this rule of a sawdust 
allownno*'. Tf four inches from the dinnictfr of the small end is the 
slab allowance, the .sawdust allowanee must be the difference between 
the solid contents in board feet remaining after the slab allowance has 
been made and the contents shown by the rule. The determination of 
sawdust allowance follows: 

I j L=^ll.M.-- volume in board feet, af< shown by the 

V 4 y Doyle rule, of log D inches in diameter at smuil end 
inside bark and h feet long. 

o " volume in board feet of lop D inches in dnime- 

ter inside bark at «ninll end L feet loti;i with 
waste allowance for slabs but none for sawdust. 

.7854 (/) — 4)% — 4\* , . „ . , T^ 

L— I — ) L — sawdust allowance for log P 



\ 4 y inches in diameter and L leet long. 



.7854 (/ ) 4)' ^ /^/) — 4 

^ - . . . 



' 100 = sawdust allowance for 
.7854(/>-— 4) ^ /} inches in diameter and 

12 ' L feet long expressed in per 

cento! volume in board feet left 
'^^'^ grr nft*^r «lab allowance has been 

.06o5 ' made 
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Therefore, the sawdust, allowance for the Doyle Log Rule = 4,5% 
of the total volume left after 4" has been deducted from the diameter 
as an allowance for slabs. This sawdust allnwance is correct in prin- 
ciple, since it is a definite per cent of the total volume after slabs have 
been accounted for. It is. however, entirely too small. The thinnest 
modern band saws take away at least 10% of the volume of the lumber 
sawed unless the product be larj?e timbers, and the allowance of 4.5% 
is not one-half as large as it should be for even one of these saws. The 
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Fio. 5. A graphic analysis of the Doyle I.or Rule, based \ipon area In square 
foet Inside burk at small end of Iors. This diaKiani shows the folIowlnR: (o) Top 
curve, total conlenta In board fe«t of logs of different diameters 16' lonj: with no 
allowance made for t.iper. (b) N»xt lowr curve, volume in hoard feet remalninK 
after an allowance of 4.:>''f ha.s mad-' for sawdu.st. ( l.r>'^, of the total volume of 

loRS. after slab alltrwance has b<'4 ii niadc is the only pf>rtion of the waste allowance 
of the Doyle IjOK Rule that varies directly as the volume. Therefore. It Is the only 
part of the formula that varies directly as tiie amount of sawdust) (c) Curve "k," 
values for volume In board fe»t after an allowance of \S''f for sawdust has been 
made. This curve lnter»«-ct8 the loy rule at about .'>«", sIiowImk. that, at this point 
and above, the waste allowance whii li should cover plahs and .sawdust Is not Hufllclent 
to even cover the sawdu.st. The Doyle Lot; Rule, however, is correct In principle, but 
Its values are ver- poorly chosen. 

principle upon which the Doyle Log Rule i.<4 based is correct, however, 
since the slal) allowance is proportional to tin- barkctl area and the 
sawdust allowance is proportional lo the total volume left after the 
allowanc*' fur slabs has Ihcii iiiadr. Hut tlw allowance for slabs is 
absurtlly large and that for sawdust is absurdly ]<»\v. In short, the 
principle of the rule Is correct, but the values are very poorly chosen. 
Fig. 5 shows a L'raj>hic analysis of the rule. 

. A log rule was used long before the Doyle rule came into exi.stenee, 
which gave the same results, and was stati d as follows: Deduct 4" from 
ilie diameter for slabs, then, .squaring the remainder, subtract one-fourth 



DISCUSSION OF LOO RULES. 



15 



for saw-kerf and the balance will be the contents of the log 12' long, 
from which the others may be obtained by proportion. It would 
appear from this that a ceneroiis allowance for sawdust liad been made, 
but as a matter of fact the apparent sawdust allou ance is a part of the 
allowance already made for slabs. This is clearly illustrated in iigure;} 
6 and 7, when the above rule is applied. (Deduct 4" from the diameter 
for slabs and in Figures 6 and 7 we have D — 4 = AB. Then, squar- 
ing the remainder (i> 4), we have (D — 4)^ABCD. Subtract i 




Fm. 6. The Doyl« Loff Roto m Fio. 7. The Doyle lag Rule m 

applied to a <" los^ applied to a 30'' log. 



for snw-korf. ijivinp ^ (D — 4"^*. whifh is the inside circle. The inscribed 
circh' outsicie of this is o<juai to .7854(Z> — 4)^, It is apparent from 
this that .7854 (/> — 4) - — f (i) — 4)=^ is the only true portion of the 
diagram which could represent sawdust.) This rule amounts to the 
same thing as the Doyle Log Rule, but in statement is misleading and 
ambiguous. 

The sawdust allowance as sliow rj by FiLriii r.s G and 7 in per cent of 
total contents after slab allowance lias been made is as follows ; 



.7864(/> -4^-? /)~-4)' 

L ' i.XlOO = 

.78o4(Z;-4r 

.0354 (/)— 4)* .S.54 ^ 

which is the same as shown by the Doyle Log Rule formula. 
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Tho followiiitr deduction will show the total waste allowance of tho 
Doyle Log Rule for logs of diffomit aisea expresBed in per cent of total 
flawed out, as indicated by the rule : 

— - — J X = B.M, = vol nine in board feet of log D inches in di- 
^ y ameter at small end inside bark and L feet long. 

.7854I>" 

/* = total voliiiiu' in lioard fevi contained in log D im-hes in 

diameter and L feet long. (No allowance for taper.) 

.7864 />» 



12 



L — ( — : — ) L =5= total waste allowance. 



12 



.on;U>' + .5/) — 1 



X 100= total waste allowance for log D 
inches in diameter and L feet 
long expressed in per cent of 
used volume. 

X 100, 



When Z> = 10", th ■ waste allowance based on the total sawed out 

88 .slunsii liy the Doyle Lof^ Hide = 191%. 

When Z> = 20", iha waste allowance = 8%. 
When Z> = 30", the waste allowance = 39.5%. 
When I>^40", the waste allowance =29.4%. 
When 1> = 50'', the waste allowance ^ 23.8%. 

This waste allowance is obviously too high for small lugs and too low 
for large ones. This is due to the fact that the slab allowance is too 
generous and the sawdiLst allowance too small. Small logs will invari- 

ably over-run tfio scale; intermediate lo'^^s will usually scale about riprbt, 
since the large slab ailownnep makes up the shortajjc for sawdust: lar<;e 
logs will invariably uudcr-ruii the seale, because the couibiued slab and 
sawdust allowance is too small for waste, though the actual slab allow- 
ance is too large for slabs alone. 

The McKcmie Log Rule. 

The McKenzie Lop Rule is based on mathematical principles and is 

dcsi(;ned to cover all conditions encountered in the manufacture of 
lumber from lops of various diameters and lengths. AU factors influ- 
encing the total volume sawed out have been taken into consideration 
and treated separately, thus making the rule tlexiblc to the varying 
conditions, both in milling operations and in the character of the timber. 
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The foUowiiip: fa<*tor.s wliieh affect the miil output from logs of different 
sizes have beou iucluded : 

(a) Slal)R, 

(b) Nnniiai crook. 

(c) Saw-kerl". 

(d) Average dimensions of lumber sawed. 
Taper. 

(/) Exct ssive taper in small logs. 

The mathematical principles underlying the rule are as follows: 

(a) The slab allowance is a function of the barked area and yaries 

directly with it. 

(b) Normal crook is also a function of the barked area, and varies 
directly with it the same ns .slabs. 

(c) The sawdust allowanee is a function of saw-kerf and average 
dimensiosa sawed at mill, and for any given saw^kerf and average 
dimensions the sawdust allowance should vary directly as the volume 
minus the slabs. • 

(d) Taper allowance equal to r" in /'. (/ not to exceed 16'.) 

(e) Excessive taper in small logs offset by a constant. 

Let D = diameter in inches inside bark at small end. 

Let £= length of log in feet. 

Let Jkss width of saw-kerf, in inches. 

Let w = average width of lumber sawed, in inches. 

Let i » average thickness of lumber sawed, in inches. 

Let (7= constant. 

Let a = constant. 

then (Z> — a) = diameter of log after an allowance for slabs and 

normal crook has been made. (Since slabs and normal crook both vary 
the same, they can be accounted for by the same constant, a,) 

^ — ^ =: area in square inches of small end of log after the 
^ slab and normal crook aUowance has Men made. 

"^^^i""^*" volume in units of 1" X 1" X 12" contained in 
^ log h feet long and P inches in diameter after 

the Blab and normal crook allowance has been 
made. (Taper allowance to be made later.) 

~Vo— - "foXximR in units of 1" X 12" X 12" or board feet 
4 X 12 in log L feet long and /) inches in diameter after 

slab and normal crook allowance has been made« 

No nllnwnncc has. as yet. been mado fr»r sawdiLst. Thi<; allowance 
depends upou the width of saw-kerf aud the average dimensions of 
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Inmlter to be sa^sed. The saw-kerf from one side uml ^iiL'o of an average 
board bears the same ratio to that board as the total sawdu^it from all 
boards does to the total volume after slab allowance has been made. 

This is true of all volume bt coniing sawdust, excepting saw-kerf amount- 
ins; to 2J, (D — a), which should be considered as part <if the sbil)s sineti 
it varies direi tly as the barked area, and is the sawdust formed in 
cutting the slabs. 

I 

k {w -i- 1 -\- k) -= volume of wood forming sawdust from each 

average board. 

{w -i- k){t-h k) volume of sawdust plus volume of average 
12 board. 

~y — z — I |.\ / _i_ J \ ~ iJ^i^^tional part of wood, 

{w + k) it + k) A + + *) necessary to make 
^ / ^ " '12 average board, becom- 

ing sawdust. 

This ratio of sawdust to nvora<;o board plus sawdust holda for volume 
of logs minus allowance for slabs. 

[1 — lA / — T"! == fractional part of log, after slab allow- 

(w + «)(( + « )J nn^g ig madet which becomes lumber. 

Thetefore, [l - A'"' + ■' tiL] '^^ ")'. L = volume in 

board feet of lumber of average dimensions from log D inches in 
' diameter at small end inside the bark and feet long, when saw- 
kerf is ib inches wide. 



A constant C = to a few board feet, when added to this formula has 

a compensating effect for tlie excessive taper in small logs. Since most 

small lo^s '^nwed are the top b»crs from medium or Innro sized trees, they 
have an excessive taper wliieh can not be aeeouiiteil lor by a uniform 
taper allowance applied to the whole tree. Therefore, this constant, 
which in all cases will be very small (not exceeding 10 board feet) is 
applied and its effeet on large lo'_'s is negligible, but on small ones it 
will play an iTn]>< riant part in eliminating an accumulative error in 
total sawed out at tlie mill. 
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Fin. 8. A frraphir analysis of the Mi K<"tizif> Log Rule, bas<?il iipon area In square 
f' • t in.«l(l<' hark it small < nd of lo«s. Tiiis dlau'ram sliows the following: (a) Top 
Liir\<', t>ital contents in hnanl fi^< l of Int^s of difr. rrnt diameters 16' long with t ip<>r 
allnwatico of 1" in 8'. ( ?> t X< \t h'Wi f ( \ir\<'. voluinc in hoard feet remaining ii t> r 
an alldwaiirc for slabs li i« h>'. n mad. . (r) Tii»' log rule ruivo for \" paw-kerf, sht)w- 
ing \i>intiH- in board f* ' t after an allowaii. .' for slabs and sawdunt has hs-en made. 
(Til.' allowance for slabs in tliis rule v ari. dlr.Ttly as the "barked"' area, and that for 
sawdust directly as the volume niiitus slab allowanc . ) (d) Curve "k." position that 
the log rule curve takes when the saw-kerf is i" Instead of 1". (e) Curve *'k"' shows 
position of the log rule curve for a I" aaw-kerf. The formula.for this rule la as fallowa : 



I («. + *)(l + t)J w ^ 



A: = width of saw-kerf, in Inches.. 
ip = uverig<' width of lumber^ lawed. In 

hiiln-s, 

t=:averag>' thicknem of lumber sawed. 

In inches. 
« = 3.M16. 



D ~ averag.'! diameter inside bark, small 
< nd, in Inches. 

a = constant. 

If = length of log. In feet. 
(7 = constant included to compensate for 
exceed ve taper In small logs. 



The formula is : 

(not making any allowance for shrinkage and surfacing; the 
complete formula with this allowance made is shown on page S2.) : 



with a taper allowance of in /' to be applied when compiling a table. 
The section used should not be taken over 16' long: 8' is better. 
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Its Application. 

The above formula whon applitd to ('onditioiiii existing at the Bed 
River Lumber Com]>any's mill iu Las-seu County, California, gave 
resnlts shown in the following^ table. The value of a detemined at this 
mill is extremely small, due to the fact that slabs were cut very thin 

and edp:iii<7s wore graded as mouldinp: stock, also to the fact that short 
lengths \v<'ro cut from logs wherr taper was great enough to permit it. 
The formula was tirst applied to 16' logs, thus getting the taper in 16' 
included with the slabs. Volumes in board feet of logs of other lengths 
were then figured with a taper allowance of 1" in 8'. 

Table 1. The McKenzie Log Rule, based upon the following 
fommla: 

L (w + Jt) 04- fc)J 48 ^ 

Where k = saw-kerf = 

Where A; = average width of lumber = 12". 
Where t = average tliickness of lumber ~ 

Where 2>= average diameter of log inside bark, small end, in 

inches. 
Where a — V. 

Where Z< = length of log iu feet. 

Where C* = 2 = constant allowed for exeensive taper occurring 

in small logs. 

Where B. M. = volume in board feet. 

Where ft « 8.1416. 

With these values substituted, the formula becomes .942 (Z> — 1)* 
-|-2=tB.M. for 16' logs. 

Table based upon IG' logs. Taper allowance of 1" in 8' made 
for other lengths. 
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A COMPAmSON OF THBEE DIFFEaENT TYPES OF LOO BXJLES. 

There are three distinct types of log roles now in general nse. They 

are as follows: (a) Bules with a waste allowance varying directly as 
the barked arm of the log and t!io vohnnc of the log after the harked 
area allowance is made, (b) Rules with a waste allowance varying 
directly as the total volume of the log alone, (c) Rules with a waste 
allowance varying directly as the total volume of the log plus a ooostant. 

AYh( n Z> = diameter at small end inside bark in inches. 
'Wfit n iv = length of log in feet. 
\\ hi-n a = constant (in inches). 

When n-=^3.141fi. 

When c — ft)iist;mt with limits of 0 and 1. 

When B. M. =v<tliijii<- in board feet of iiiaunfaetured product, 

the three types may be expressed by these formuhe : 

7r(D — ay 
' 4 X 12 

4 X 12 

TT I)' 1 

^ ^4X12 J 

Notk: The above formuUe are special cases of 

In formula (a) the constant b fiiimls zero, and the const.-mt a has a positive valii*. 
Therefore, the curve (1 - ^) j^^^ ^ ^^"^ moved in a horizontal direction a ualt« 

to tho rlylit of tlT" rirlgln. 

In (b). a t>. an<l b— 0. or the curve nmUitains its norixial position. 

In (c). n^fi, and b has a poslttva value, or the curve ham been moved In a vertical 
direction b unita 

None of the log rules analyzo^l liail values for both o and b mich tliat one of them 
could not bo eaelly eliminated. The Universal Vog Rule, for Instance, reduces to the 
following formula: 

The const ant h - 1325 Is so small that its effect upon the log rale t« negligible. 
(1 - .20) — \, L - B.M. gives values for this rule within 2 board feet, and le 
the formula listed below. 



(a) { 

(b) ( 

(c) [ 



Digrtized by Google 



DIBCU8BIQN OF LOO BUIA 



81 



The fullowing is a comparisou of lug rules which may be expressed 
in the form : 

NoTF : Tlio constant c is tho frRctlonn) part of tin- hin lu idniiriK sawdust after nn 
alli a\ .Hi. ■ "it n int'lics from tlic iMin. t. i Ins hccn m-nl. U.>\- sl.itis. It ran bo oxpresspd 
in per cent by multiplying by lUO, or moving Uie decimal point two places to Uie right. 
(1— >c) In like manner b the fractional part allowed for the inanufaeture4 product 



Champlam ; 



TT {D — .sy 

(l-.20)-^^. -^^L = B.U. 

' 4 X 12 



Boughman Rotary Saw: (Original values slightly erratic) 

M/>-.87)- 
^ ' 4 X 12 



Boughman Band Saw: (Original values slightly erratic) 

(I-.IO) L^BM, 
^ ' 4 X 12 



Wilflon: (Original values slightly erratic) 

(1 — ,193) — ^ — ~r- = B M 
' 4 X 12 



Carey : (Original values slightly erratie) 

(1 — ,193) — — ^ L = B,M. 

' 4 X 12 



Baxter: 



(1 — .338) -rr- = B.M. 

' 4 X 12 



Cliek: (Original values slightly erratie) 

(1 - .236) L = B.M. 

* 4 X 12 , 



Digitized by Google 



'62 STATE BOARD OF FOBBBTBT. 

British Columbia: 



Universal : 



International: 



(1 — .20) L = B,M. 



n (D - 1.62)' 
(1 — .16) — , „ ' L = B.M. 
^ ' 4 X 12 



(Applied to 4' seetions with taper allowanee of in 8^ and 
constructed for saw-kerf.) 



Preston : 



Doyie ; 



(1 — .20) ~ 4^12 ^ " 

n{D— 1.6)' 
(l-.20)-V— ' ^=B.M. (Large logs) 
4X1* 



(1 — .045)- ^^ ^^^'z;=B.M, 
' 4 X 12 



McKensde: 



[- 



4 X 12 ^ 



"Where k = saw-kerf in inches. 

l^iere i = averaiie thickne.ss of liunber sawed, in inches. 
Where iv averajre width of lumber sawed, in inches. 

AVhere a = eonstrmt. 

Where C = con.stniit inehuled to compensate for excessive taper in 

small lo;^. 

To be applied to 8' sections with taper allowance of e" in /'. 

It will be observed that of the above rulcii the Doyle and the Baxter 
are the two pxtremes. Tin Doyh' rule has an enormous slab allowance 
with exli^nn ly small allovvaucc for sawdust. (4.5%) ; where the Baxter 
rule has a small slab allowance and a very large allowanee for saw- 
dost, (33.8%). 
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Log rules of this form are correct in principle, and can be adapted 
ta conditions existing at different mills, and to the eharaeter of the 
timber in different localities. The sawdust allowance, however, should 
not be fixed, but should depend upon the width of saw-kerf and the 
average diliHTisions of the lumber. The slab allowance should also be 
flexible, and should l>e determined by the timber to be sawed. Allow- 
ances for taper, excessive taper in small logs, shrinkage, etc., can be 
applied when making up a table based upon 

^ ' 4 X 12 

Thk type of log rule can be represented diagramatically by drawing 
concentric circles of diameters D and (2> — a) respectively. The differ- 
ence between the two rings will represent slab allowance. Draw a 
sector of the small circle with angle equal to c X 360°, This will 
represent the sawdust allowance. 

The following is a comparison of log rules which may be expressed in 
the form : 

(1 _ r) = B.M, 

^ ' 4 X 12 



Constantine : 



(i-o)/^^,r.=B.M. 



Saco River : (Original values slightly erratic) 



Derby: (Original values slightly erratic) 



Square of Three-quarters : 

(1- ^83) ^^/> = IUI. 



Partridge: (Original values sltghty erratic) 
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Vermont : 

{i--9ea)^L=BM. 

Note: This nilc pivps th(> solid r.intcnts in bo.ud f' - t of the larg> sKjuare timber 
contained in a 1"^' l>" in diaiin t.-i in^iilc l>;ii k at .small end, and wii^-n ili\ lil' d l>y 12. 
b( i-.,nn s thf» formula for the Inscribed Square Kule, which actually glvea tiie cubic 
coin. HIS or the largest square Umber ttiat can be sawed from a log of known length 
and diameter. 



Still well: (Origiual values erratic) 



(1 — .368) - — — L = B.M. 
' 4 X 12 



Ake: 

(1 — .376) — -L = B.M. 
^ 4 X 12 



Square of Two-Thirds; 



(1 — .436) ,'^^' -L=B,M. 
^ 4 X 12 



OTT.: This fonmtla, wb*>n divided by 12, Ik Fiippt^Pfd to kIv«*. but docs not give, 
niaiitu r uf < ubic I'l - t of square timber tliat > it) bo j-aw.-d fiom :i log D in 



Note ; 
lb. 

diameter at middle point inside bark. After the division by 12 is made, it is called 
the Two*TIUrds Rule. 



Orange Biver: 



Cumberland River; 



(1 — .491) • -i!: = B.M. 
^ 4 X 12 



(I— .648)- — -L = B.M. 
' 4 X 1- 



It is obvious that the Constantino rule has no allowance for either 
slabs or sawdust, and that all log rules which can be expressed in this 
form have a total waste allowance which is directly proportional to the 
total volume of the log, (taper not taken into coDBlderation). The two 
extremes are the Constantino and the Cumberland River. The former 
with no allowance for waste whatever and the latter with an allowance 
of 54 8%. 

Tlicre can not exist for different sized logs a constant ratio between 
volume sawed out at mill and volume in board feet aa shown by a log 
rule of the above form. The principle is incorrect. 

(1 — c) ^-^^^L ^ b.M. can be represented diagramatically by 

drawing a circle diameter D and then a sector of that circle with angle 
at center equal to c X 360'*. The area of the sector will re|»«sent the 
total waste allowance and the remaining area the lumber product 
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The following is a comparison of log rules which may be expressed 

iu the form: 

r 1 

L 4 X 12 J 

Bangor: (Original values slightly erratic) 

[(l-»»)43^--«]i' = BM. 

Boynton : (Original values erratic) 

[d - -350) 43^12 ~ J ^ ^ 

Parsons : (Original values erratic) 

[(l-.246)^-^- -iJl = B.M. 

Warner : (Origmal values erratie) 

Spaulding: (Original values slightly erratic) 

(l--266)^^^2-T^^^*^^* 
Hannah : (Original values very erratic) 

Applies approximately to lojsjs from 12" to 42" in diiJineter. 
This rule is very poorly constructed. 

Wilcox: (Original values erratic) 

J(l_.340)~i?~2]/, = U.M. 

Fincli and Apgar; (Original values very erratic) 

4X12 J 
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Ropp; 



[(l-.236)---_3]t = B.M. 



Scribner: (Original values very erratic) 

/.=B.M. 



[ 



(1-^.266) - - —3 



Applies approxiiiuitcly to logs from 14" to 75", inclusive, in 
diameter. This rule is very poorly constructed. 



Favorite : (Original values erratic) 

[u--28o)j^-8]i = B.M. 

Maine: (Original values slightly erratic) 

[(l~.222)^^~.67jz. = B.M. 
(For small logs, 6" to 15", indusiveO 

[(1 — .222)-p''^ — 2] L = B.M. 
L 4X12 J 

(For logs 16'' to 48", inclusive.) 
Ilerring: (Original values slightly erratic) 

r T />» 1 

(1 — .31)2) - — - - — 1 L = H.M. 
V ' 4 X 12 J 

(Small logs up to 30'^) 

(1 —-313) , — -6.5 L = B.M; 
4 X 12 J 

(For logs from 30" to 42", inclusive.) 

Dusf rilmry: (Oritriiinl vjilucs slightly erratii ■ 

i'racticaliy tlie same as the Herring Log liule. 

Rules of this form will usually tjive a larfre per eent of mill overrun 
for small lug.s, duo to the j)reseiice of the eoiistaiit b. Intermediate 
logs will run below, hold up the scale or overrun, all depending upon 
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the value of c in the rule used and the width of the saw-kerf. The 
effect of the constant h becomes small for mtemediate sused logs, and 
IS practicnlly negligible for large ones. Large logs will run higher in 

per cent of mill dvornin than the intcrnifMlinti . since the slab allowance 
in this type of !(;<; rule inrreasps directly as the volume of the 1<^ plus 
a constant. The principle is incorrect. 



by drawing two concentric circles, the larger one with diameter D and 
the smaller one with diameter snffieient to allow for h board feet; tbea 
drawing a sector forming an angle of c X 360* at the cent or. The 
area of the sector and the small circle will represent the waste allowance 
for Rlahs, sawdust, etc., while the remaining area will be the lumber 
product. 
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iVUSCELLANEOUS LOG EUL£S. 



The Chapin, Northwestern, White and Ballon log rules have no 

definite muliTlyiiig principles. 

The Drew and the Forty-five were found to be of the form 



Where t — cniislaiit less tli;in 1 and frrcatcr thau 0. 

AVlit re c = constant much smaller than c and greater tlian 0. 

Their formulie «re as follows: 
The Forty-fire role: 



Tn tliese rules the allownnce for total wast^ige when expressed in per 
cent of the total contents of the lo?. taper not considered, (lerroascs uni- 
formly as the diameter increases. When tD — c, there is no allowanee 
for wastage whatever. The Forty-five Log Rule allows for no wastage 
in logs 65'' in diameter and shows more volume for logs over 65" than 
they actually contain. The Drew rule also shows a uniformly decreas- 
ing per eont of wastapff. Jiiid for loprs 150" in diameter the waste allow- 
ance becomes zero. The principle of these mles is absolutely incorrect. 





The Drew Rule: 



|^l_(.450-.003i>)Jj^ 



L = BM. 
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LOG £UL£S BA5£D ON STANDAKDS. 

Any log* rale, constracted to show volnme in board feet of lumber 

(H)iitained in logs of various lenf^hs and diameters, which is based upon 
•It fin ill' principles, ma}' be reduced to what is ealkd a standard log 
rule. Tho only difTon^nco between the ordinary loi; rule and its unlim- 
ited number of standardii is in the unit of meaiiure. A log of auy 
specified dimensions may be chosen as the unit of measure, and so long 
as the underlying prineiples of both the standard and the rale express* 
ing values in board feet are the same, there will always exist a definite 
relation between them and the one may be expressed in terms of the 
other by multiplying by a constant. 

When d Diameter in inches of the standard log and 
I = Length in feet of the standard log, 

7r{D~ay 

log rules of the form (1 — c) — ; — X = B.M. 

become -y^ , , , — K, in standards^ 

(a — a)'' I 

become - - = K, in standards. 

r 1 

Log rules of the form (1 — c) - — 6 L == B.M. 

L 4 X 12 J 

become ■ 7-,, ^ , = K in standards. 

All standard log rules now in use are based upon --— y = Vol., in 
standards. Therefore, any one of them may be reduced to the form 

(1-c)- r/. = B.M., since. . X Const. = (/ ~ r) L. Fur- 

thermore, it is evident tliat all Ftnmlard rules of the same form bear a 
constant relation the one to the other, and any number of units of a 
certain standard rule may be reduced to units of any other standard 
of the same form by multiplying by the proper constant. For example, 

' ^ ] i' J '\ 
the Nineteen Inch Standard Uulc, ( -— — = ]', in standards ) , may 

be applied to a large number of logs of different sizes, and the aggregate 
scale of these logs then Griven in 19" standards, may he rrflncrd to 
Blodgett, cube standards, etc., or to any of the following log rules 
expressing results in board feet; Constantine, Saco River, Derby, 
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Square of Three-quarters, Partridge, Vermont, Stillwell, Ake. Square of 
Two>tfairds» Orange River, or Cumberlaiid River, by multiplying the 
aggregate by the proper eonstant The result in every ease will be 
precisely the same as though the logs were sealed separately by each of 
the rules. If, however, it is desiml to reduce the a^reprate scnle of 
these logs now expresjiod in standards or in board feet, as the case may 
be, to board feet as shown by the Doyle Log Rule, for instance, the 
problem is impossible. There is no way of mSdng the reduction. The 
logs will haye to be scaled in accordance with the principles of the Doyle 
Log Rule in order to get such results. If only a single log were in 
(luosfion instt iul of a nnnilx-r of different sizes, it would be very easy 
to malte such a redut tion, but hineu there is no common ratio existing 
between the Doyle Log Rule (also other rules of that form) and the 
Nineteen Inch Standaid (and others of its form) for logs of all sizes, 
the reduction can not be applied to more than one log or set of logs of 
equal diameters. 

It is folly to compare results obtained by two logs rules of different 
forms as applied to logs of Tarious sizes. It is evident that a comparison 
of the formulffi of such rules would reveal a great dral more. Values 
shown by log rules of different forms are not comparable, since their 
underlying principles are different. Any comparison made of such 
values only lead to confusion and really do more hann than good. 

The following will illustrate how the Nineteen Inch Standard Rule 
may be reduced to other standards and also to any log rule giving 
values in board feet which is of the same form : 

Given: The Nineteen Inch Standard Rule - - = F,in 19" stand- 

ards, and given: The Blodgett rule-^^L= F, in Blodgett standards, 
to find the common reducing factor c: 



19^ X 13 16' 
r 1 

ly xTs ~ 1^ 
w 

Thoroforc. if ;i In*jr fir any miTtili* i- nf ln<;s of different sizes have been 
sealed by the Nineteen Ineli Standard liule, the results may be expres.sed 
in lilodgott standards by multiplying by 18.33, which is the number of 
Blodgett standards contained in a Nmeteen Inch standard. The ratio 
holds constant regardless of the size of the lojfs. 

Ill lik. nianner, the reducing factors for all other standard rules may 
be obtained. 

Given: The Nineteen Inch Standard Rule ^ \ = F, in standards, 

19 X Iv 

and the Vermont rule (1 — .363) L— BM. in board feet. 

4 X 12 
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To find how many board feet as ihown by the yermont rale are 
equivalent to a standard of the Nineteen Inch rale: 

K 19* 

(1 — ,m) -75- X 13 = 196.5 



ThorpfoH". 19,"). 5 board feet as showji by the Vermont nilp rquals one 
standard of the Ninteen Inch Standard Rule. This relation holdis for all 
sized logs. In like manner, reducing factors for the Constantine, Saco 
BiTer, Derby, Square of Three-quarters, Partridtzo, Stillwell, Ake, 

SqiL'trf of T\V()-thirds, Ornnijo River mik! rumhcrljind T?!\ ' r rnlt's may 
be obtained. All niles of the al^ovt^ ror!ii have definite reducing factors 
wliieh apply to all logs, reganlless of size, and to any aggregate scale 
representing any number of logs. 

Given: The Nineteen Inch Standard Rule - ^ = V, in standards, 

to hnd a log rule equivalent to it when one Btandard = 200 board feet: 

TT 19* 

4^X13 = 200 

200 X 48 

1 — = " » .660 

TTXXd'X 13 

<; = .350 

Therefore: (1 — .350) - - L = B.M. is an equivalent rule for the 

4X1^ 

Nineteen Inch Standard when a standard unit is equal to 200 board 
feet. In like manner equivalent rules for otlier standard rules may be 
obtained wlien the value of the unit is t!:iven in board feet. 

P^or instance, the iilodgett rule allows lu board feet for the equivalent 
of one standard, and the resulting rule which is equivalent to the 
Bodgett under these conditions is 

(l-.405)^^^-Zi = B.M. 

(1 — .423) 7 rr -- B.M. is the equivalent for the cube rule w hen 

4 X 1*- 

its standard unit = 12 board feet. 

It must be borne in mind that log rules of the form 

are very poor rules for mejL-^uring the number of board feet of lumber 
that can be sawed from logs of different sizes, and that the three distinct 
type.s of rules discussed under the heading '^A Comparison of Three 
Different Types of Log Rules" can have no common reducing factor for 
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logs of different sizes, since the underlying prineiples are not the same. 

in the case of the standard rule based upon "^'p = V, V is directly 

proportional to the square of the diameter of the log and also directly 

proportional to its length, whereas a log rule based upon correct prin- 
ciples has llic volume in bnnrd feet vary directly as the diameter minus 
a constant squared, and directly as the length, with a taper correction 
api>lied to at lea^t 8' sections. 

Standard log rules based upon , \-=y am, however, ezoeUent rules 

a- 1 

where a measurement proportional to the total contents of the log is 
desired. Such measures are applicable to logs which are to be made 
into pulp or whenever the total contents of the log is to be used. These 

nilos flo not tnke taper into consideration. They can be reduced to 
cubic feet by multiplying by a constant. 
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THE TRANBFaSHATION OF VOLUME TABLES BASED UPON A 
GIVEN LOO RULE TO VOLUME TABLES BASED 
UPON OTHEB BULBS. 

Volume tables eoostructod to show the Dumber of board feet con- 
tained in trees of different merchantable leu^hs and diameters 
breasthigh, and based iipon a log rule of the form 

(l_,)'(/'-'')*X = B.M. 
4 X 12 

can be transformed to tables based upon other rules of the same form 
where the vnlnc of tht- eoii.staiit a is tlie same. If the value of a Is 
different in the rule to which the values aro to be i-rdaced. there is no 
way of accomplishing the transformation. For example, tables based 
upon the Baxter rule can be transformed to tables based upon the Bough- 
man Band Saw rule by dividing each value in the former table by 
(1 — .338) and multiplying by (1 — .10). But tables based upon the 
Baxter rule cannot be transformed to ones based upon the Doyle rule, 
or on any other rule of that form where a is not the same as in the 
Baxter rule, or to forms where a does not enter, unless the average 
diamet^ of all portions of the bole is known thus making it possible 
to find the vidue ot D for all logs in the tree. 

Volume tables based upon rules of the form (1 — c) — - L = B.M. 

nud also upon the form 1(1 — c) ^ ^ — 61 L — B.M. can be easily 

transformed from the one to the other. For example, a volume table 
based upon the Spaulding Log Rule, showing the average volume in 
board feet of trees uf (liffcn-iit diameters brensthi<j:h and iiu'ivhaiitalile 
len^rths can be transformed to a table ba'^rd upon the liopp rule by 
ttdiiing twice the average merchantal)le length shown in the table to each 
average value, and then dividing by (1 — .266) and multiplying by 
(1 — 536) and subtracting from each value thus Dlilained three times 
the merchantable length. The re.sultini; taltle will then be based upon 
the Ropp rule, and the values therein will be the sHme as though the 
Ropp rule had been used for sealing the individual logs instead of the 
Spaulding rule. In like manner, any volume table based upon a log rule 

[TT fy 1 
(1 — c) ~; i>\ L = B.M., can be transformed to a 
4 X 12 J 

volume table bastd upon any other log riilo of that form. 

Again, a volume table based upon a h»g nUe of the above form can 
be transformed to a volume table based upon any log rule of the form 

(l*-c) L = B,M. by adding to each value in the table b X the 

merchantable length, and then dividing by (1 — c) of the log rule upon 
which it is based and multiplying by the value of (1 — c) of the log rule 
to which the transformation is to be made. For example: A volume table 
based upon the Spaulding Log Rule showing average volume in board 
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feet of trees of different dianu tj breasthigh and merchantable lengths 

can bo transforniorl to a talilc l)ased upon the Vormnnt rule by nrb^ing 
twice the average nuTchantable length to each of the values sliown in 
the table, and then dividing the values thus obtained by (1 — ,266) and 
multiplying by ( 1 — .363) . The resulting table wiU then be baaed upon 
the Vermont role. Should it be desirable to further transform the table 
to values in cubic feet of the Inacribed Square rule, divide all values 
by 12, This last reduction will show the volume in cubic feet of the 
square timbei-s that can be sawed from trees of different merchantable 
lengths and diameters breasthigh. 

The total number of cubie feet inside bark contained in logs of trees 
measured for tlie orirrinal vohime table based on the Spaiikling Log 
Rnb> I'an be olitalried 1)> adding twice the average merehantable length 
to each value in the table and then dividing* by (1 — .266) and dividing 
by 12. This reduction gives the volume in cubic feet of the total logs 
in each tree, without the taper of the various logs originiUly measured 
being taken into consideration. 

To recapitulate : All volume tables based upon 

7r(D — a)* 
^ ^ 4X12 

can be reduced to any other table based upon the same form of log rule 
where the constant a is the same as in the rule originally used in compil- 
ing the table. 
All volume tables based upon rules of the form 

^ '4X12 L 4 X 12 J 

can be reduced or transformed to volume tables based upon any log rule 
of either of these forms, and in all eases the resulting tables will be the 
same its though tlie individual rules had been apidied to the original data. 

Any volume table based upon one of the following rules can be trans- 
formied to a volume table based upon any of the other rules here given : 
Constantine, Saco River, Derby, Scpiare of Three-fourths, Partridge, 
Vermont, Insi i ilied Square (which is the rniont rule divided by 12), 
Sillwell, Ake, Square of Two-thirds, Two-thirds rule (which is the 
Square of Two-thirds liide divided by twelve), Orange River, Cumber- 
land River, Bangor, Boynton, Parsons, Warner, Spaulding, Wilooz, 
Ropp, Favorite. Nineteen Inch Standard. X( w Hampshire (or Blodgett), 
th(> Cube Rule. Twenty-two Inch Standard, Twenty-four Inch Standard, 
Seventeen Ineh Rule. 

NoTS: The Hannah. Finch and Anxar. and Scribner rules have been omitted In Uie 
above ll»t since their orlstnal values appear too erratic to be Included. The Mftlne. 
Herrinff and Dtisenbury also have been omitted, since each of these rules have 
separate formute for small and large logs. 

In like manner any volume table ba.st il upon 

can be transformed to other volume tables of the same form, pro- 
vided the constant a is thi* same in rules under consideration. 
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The following tables illustrate how the transformatioBB described 
above may be made: 

Table 2. Average volame in board feet, «8 shown by the Spaulding 
Log Bule, contained in merchantable poitidn of inunAtiire western y<^ow 
pine trees of different merehantable lengths and diameters breast high. 



Diam- 
eter 
breast- 
high Id 
loehei 



TABLE 2. 

Merdti an table length (feet) 



70 



80 



90 



100 



110 



120 



130 



Vulume, bused on th« bpaujdiii£ Bule (iKt. ft.) 



Diam- 

bark 
top lot;, 
Incbei 



Height 

of 
stump, 

feet 



SO 

tl 

22 
» 
U 

25 
26 
27 
28 
29 

to 

91 

82 
33 

95 
99 

rt 

38 
S9 
40 



soo 

825 

350 

no 

m 

490 



880 

406 
436 
475 
EIO 

560 
006 
655 
710 



m 

530 
570 

qso 

670 
725 
780 
845 
910 



SBO 
580 
630 
680 
780 
786 
845 
915 
980 
1000 
UIO 
1S2S 
1310 
1400 
IMS 



730 
780 
840 

906 

975 
1050 
1130 

mo 
uoo 

1M6 

1400 
1585 
1095 
1800 
WfO 



— 1 



1100 
1180 
1270 
1865 
1400 
IMS 
1675 
1780 
I?>X) 
2020 

n40 

2205 
2396 

2525 
2060 



1415 
1680 
1080 
17B0 

1870 
1990 
2125 
S256 
US9 
SS60 

Woo I 

2850 
3006 



9,9 
9.1 
6.7 
0.B 

7.0 
7.1 
7.1 
7.2 
7.8 
7.4 
7.5 
7.0 
7.7 
7.8 
7.0 
S.0 
8.S 
8.5 
9.0 
9.6 



1.2 
1.2 
l.t 
1.8 
1.8 
1.3 
1.3 
1.3 
1.8 
l.» 
1.8 
1.8 
1.4 
1.4 
1.3 
1.8 
1.4 
"1.4 
1.5 
1.6 
1.5 



Total Dtimber of trees-. 



Hits table is boae^ upon the original measurcahents of €02 trees. 
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Table 3. (A transformation of Table 2.) Average volame in board 
feetf as shown by tbe Ropp Log Rule, contained in merehantable por- 
tion of inunature western yellow pino trees of different merchantable 
lengths and diameters breasthigh. 



TABLE 3. 



eter 
breait- 
blitila 



20 

•Jl 
<>•■ 

2H 
24 
26 
<6 
«7 

iU> 
31 

■A I 

a:. 

M 

87 
38 

:v* 
1" 



70 i 80 I 90 I 100 f 110 

Vuluuie, based tba &opp Lug Suie 




:{iKi 
331 

am 

4M 
4M 



4S8 
JSOO 



1 



41 

S6S 

79f> 
»74 
98» 



I 



««8 
725 
787 

lOU 
IMS 
1182 
12T1 
)S56 
1«M 



710 
772 
841 
&1S 

IIW 
1252 
1320 
1460 
16oQ 
1(MS 
1771 
1800 



1086 

11 IS 
I'-'ll 
1310 
1410 

i£a> 
less 

174* 

v.y>:> 

2248 
t380 

S8S0 
»«> 



IdJit 

1829 

1968 



Diam- 
eter 

bnrk 
t(tp loc. 



of I 



28» 
8010 



6.C 
0.7 

7.1 

7.1 
T.J 
7-1 
7.4 
7.6 
7.0 
7.7 
7.8 
7.9 
fi.O 
8.2 
8.6 
B.O 
9.6 



T 



1.2 
1.2 
1.2 
1.2 
IJi 
l.t 
1.t 
1.8 
Ut 
1.1 
1.8 
1.8 
1.4 
1.1 
1.3 
1.3 
1.4 
1.4 
1.5 
l.> 
1.6 



100 



r 

] 



'i'utal uuiuUlt ol tretw. 



This tablt' was o])taiii('(l by transforniinp: tlie valuf?^ in TmMc 2, based 
on the Spaiildiiifr Lop Rule, to values .shown here ba.sed upon th(3 Ropp 
rule. The transfomiatiou was made in accordance with the underlying 
principles of both rules, and was accomplished as follows : To eaeh ^ne 
shown in Table 2 twice the merchantable length indicated at top of 
table was added. The new values thus obtained were divided by 
(1 — .266) and multiplied by (1 — .236), and three times the merehant- 
nh]o lonpth 8ii)>(racted. Th«» resulting table is based upon the Ropp 
rub-, and does not include any logs under 10" in diameter, since logs 
below this size have been automatically discarded by the Ropp rme 
formnla, which jtin ( s small negative results for logs under 8" and small 
positive results for logs between 8'' and 10". Tbo no?ativos "bt'low 8" 
and the positives lu'twcen an ^" and 10" will about nontralize, thus 
giving a table wliieh does not include logs below 10" iu diunieter. 
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TABf E 4. (A transformation of Table 2.) Average valufs in board 
feet, as shown by the Vermont Log Rule, contained in merchantable 
portion of immature western yellow pine treeo of different merehant- 
able lengths and diameters breasthigh. 



TABLE 4. 



20 
21 
22 
» 

24 
25 
20 
27 
28 
29 
SO 
31 
32 
3:? 
34 
35 
M 
ST 
38 
39 
40 



Diam- 


Mercbaotable lengtb (feet) | 


eter 














br«a«t- 


70 


80 


90 1 100 


110 


120 


130 


hlghio 














tnehei 


Volonw. 1» 


ued on tfw YcnDont Bota 


(bd. ft.) 



i:: 



404 

m 
m 

482 

512 
547 



m 

491 
517 



«2S 

708 
7B6 



660 

S87 

Sir 
est 

flK 

738 
78<) 
8U 
890 
8M 
1O08 



061 

«77 

m 

1M 
807 

865 

908 
069 

im 

lOM 

im 

1238 
1312 
1M> 



rHam- 
ctcr Uclt;)u 
inside i of 
bark stump, 
top Jog.i feet 



m J 



877 

1089 
1103 
1172 
1242 



1401 

1488 

1588 
1088 
1754 

laso 



1311 
1896 i 
147S 
1568 
1663 
1751 
1800 
]9«2 
2088 
»175 

240U ' 
) 



1454 

IMS l| 
»tt ' 
1746 

18S0 
1954 
2072 
21S?-' 
2810 ij 
2440 If 

2705 



8.8 
6.7 
8.7 
8.8 
6.9 
7.0 
7.1 
7.1 
7.2 
7.8 
7.4 
7.8 
7.6 
7.7 
7.8 
7.9 
8.0 
8.2 
8.5 
0.0 
8.0 



1.2 
1.2 
1.2 
1.2 
1.8 
1.8 
l.S 
1.8 
1.8 

1.S 

l.S 
1.4 
1.4 
1.8 
l.S 
1.4 
1.4 
1.5 
1.6 
1^ 



Basis, 
number 
of trees 



11 



» 
87 
02 
100 
66 
67 
29 
2T 
7 
6 



TotAl Don 


llMT of tr 




I 80l 









This table was obtained by transforming the values in Table 2, based 
Upon the Spaulding Log Rule, to values shown here based upon the 
Vermont Role. The transformation was made in the following manner : 
To each value shown in Table 2, twice the merchantable length indicated 
at top of table was added to each of the values Kaeli of the new values 
thus obtained was divided by (1 — .260) and multiplied by (1 — .363). 
The resuitiug values form the above table, and include all logs contained 
in the merchantable lengths. This table is the same as would have 
been obtained had the results been based directly upon the woods 
measurements. 
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Table 5. (A transformation of Table 2.) Average values in cubic 
feet as shown by the inscribed Square Log Rule contained in the largest 
square timben that ean be sawed from the merchantable portion of 
immature western yellow pine trees of different merchantable lengths 
and diameters breasthigb. 



TABLE s. 



nan- 

«car 
breant- 
biKb io 
iocboi 



20 
21 
22 
23 
24 
2S 
26 
27 
28 
29 
30 
SI 

as 
n 
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» 

n 

as 

39 
40 



70 



80 



Merebantabic leagth (feet) 
110 



90 



100 



120 



Warn- 
— Ptrr 

bark 



I 



Vuluuic, based on tli« Inscribed Sqaare Rule (CQ. ft.) 



UeiKbt 
of 

top log. feet 
Incbea I 



31.8 
33.7 
S5.6 
87.6 

».i 

4t.T 

15.6 



.1 



80.1 
40.0 
43.1 
46.0 

4a.ft 

(B.I 

r>-i . 4 

m.9 



4C.I 
48.8 
51.4 
M.3 
£7.9 

a.5 

6,'). 5 

&j.O 

71 . J 
79.4 
S4.0 



54.3 
56.4 
60.0 
63.6 
«7.4 

n.i 

T.-.7 
80.7 
tC. j 

n.i 

97.0 

ice.s 

115.8 

m.6 



68.7 
72.3 
70.8 
A.4 

86.6 
92.0 
1/7.7 
1«6.6 
110.0 
117.0 
128.8 
180.7 
188.7 
146.2 
184.2 









.J 










87.0 


J 


102.7 




109.3 


rz\.\ 


116.2 


128.8 


m.o 


180.8 i 




14B.4, 


U8.T 


1M,0|, 


m.i 


162.8 


i5r>.o 


172.6 




Iff 2.0 


172.8 


m.5 • 


UL.1 


ao8.s , 


1110.8 


S14.0 


90O.O 


225.S 


210.0 


236.0 



Total iimnbR- of tiwa- 



6.6 


1.2 


n 


«.7 




e.7 


1.2 


» 


6.8 


1.2 




«.» 


1.8 




7.0 


1.8 




7.1 


1.8 


«t 


7.1 


I.S 




7.2 


1.8 


100 


7.8 


1.3 




7.4 


1.8 


68 


7.5 


1.8 




T.e 


1.4 


87 


7.7 


1.4 




7.8 


1.3 


29 


7.9 


1.8 




8.0 


1.4 


» 


8.2 


1.4 




8.8 


1.5 


7 


8.0 


1.5 




9.6 


1.5 


8 





I 



Values in this table are indirectly based upon the measurements 
necessaty for a compilation of Table 2, 'Riey were obtained by dividing 
valnei shown in Table 4 by the constant 12. 
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THE nANSPORBIATlON 07 THE SCALE OF A NUMBBB OF 

LOOS IN THE AGGREGATE, BASED UPON A GIVEN LOG 
RULE, TO THE SCALE OF THE SAME LOOS IN THE 
AaO&EGATE, BASED UPON ANOTHER LOG RULE. 

The total ToluBLe of a number of logs of various sizes as shown by a 

to the volume aa would be shown by another log rule of that form 
where the eonstaBt a is the same. For example: Shouict it be required 
to hnov the total volume in boar<l feet of a trainload of logs of various 

sizes as would be shown by the Boughman Band Saw Rnli wlien the 
aggregate scale based upou the Haxter Rule is known to be 32U,U00 board 
feet, the following steps are necessary: Divide 320,000 by (1 — c) of 
the Baxter rule, which is (1 — .338), and multiply by (1 — c) of the 
Boughman Band Saw Rule, which is (1 — .10 ) . The result thus obtained 
which will be 435,000 is the same as would have been obtained had the 
Bowman rule been used for the original seale. Sueh transfoniintions 
can not be made wbere the constant a in the two rules in ({in shun are 
not the same. Had tlie trainload of logs been scaled by a rule of the 

form (1 — e) L = B.M. it would not be possible to make sneh a 

transforniation, but it would be possible to transform the total scale to 
a new total based upon another rule of the same form. For example: 
If a trainload of logs should scale 300,000 board feet by the Square of 
Three-quarters rule, and it should be required to find the aggregate 
scale accordinir to the Inscribed Square rule, the following procedure is 
all that is necessary: Divide 300,000 by fl — .283) and multiply by 
(1 — .363) and then divide by 12. The linal result, 32,000 cubic feet, 
is exactly the same as would have been obtained had the Inscribed 
Square rule been used for the original aeale. In like manner, a i r \ns- 
forniation could have been made to a number of other rules of similar 
form. 

Had the trainload of logs been originally scaled by a log rule of the 
(1— c) j-^^^ — /> L = B.M., such as the Spaulding rule, a trans- 
formation to another rule of that form where h is the same could be 
accomplished by dividing by (1 — c) of the formula used and multiply- 
ing by (1 — c) of the formula to which the transformation is to be 
made. But, in cases where the value of the constant h is different in the 
log rules in question, no reduction can be made, unless the gum of the 
length of all the logs in tli. trainload be known. If the sum of all log 
lengths is known, it would then be possible to transform the total scale 

to other total scales based uponr(l— c) - — ^- L = B.M. or 

^ I '4X12 J 

(1— c)- — L = B.M. whether the constant b is the same or 

4 V 12 

different in the rules in question. Had the trainload of logs been 
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originally scaled by the Spaulding Log Rule, or any other rule of 
similar form, where 6 has a value greater than 0, the transformation of 
the total scale to a total based on a log rule of the form 

(1— c)— — — -L===B.AL would be impossible unless the sum of the 
4 X 1« 

lengths of aU logs in the trainload be known. Snppoae, for example, 

the agLT L' ltc s(?ale of a tramload of lofrs was 250,000 boar! feet by the 
Spauldiiif? Lo^ Rule, and ihv sum of all lo^r lengths in tlie load was - 
12,000 linear feet, and it was roqiiirfd to know the total scale when 
based upon the Square of Two-thirds rule, the following operations are 
all that would be necessaiy: Add to 250,000 twiee the sum of all log 
lengths, which would be 24,000, divide by (1 — .266) and multiply by 
(1 — -.435). The resulting aggregate scale of the trainload of logs 
basf^fl on the Square of Two-thirds rule wonld then be 211,000 board 
IVet, whicli is the Hunie m would have been obtained had the Square of 
Two-thirds rule been originally applied. 
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No log rule will give an aoenrate measure of the luxnber content of 
logs of various sizes that fails to properly combine all the factors 

encountered in convertins^ lo^s into lumber. These factors are the same 
for all species under all milliiifj: cotKlitioiis. The value of the factors 
alone increase's or decreases accortijug to the species and method of 
sawing, but the number of factors remain constant. As a result of 
failing to recognize the factors that nmst be oombined in devising a 
properly constructed log rule, by failing to employ all of them, or by 
eombining them improperly, there is no aconrute log rule in iis*' appli- 
cable to variable milling conditions. Any log rule capable of b rcom iig 
a standard measure and susceptible of correetiou for certain variable 
factors must recognise a slab allowance proportional to the barked area 
of the log, and a sawdust allowance expressed as a definite per cent of 
the total volume of all logs, not including slabs. Tlic per cent for 
sawdust is dependent upon the width of the saw-kerf and average 
dimensions of lumber to be sawed. Other factoid to be taken into 
aecount are taper, shrinkage, normal crook and excessive taper in small 
logs, but thc'Si^ ar<; of leas importance than the two cited above. 

The following log rules are constructed with a total wastage allowance 
proportional to the total volume of the log, regardless of size— taper not 
considered : 

Constantine, Saco Biver, Derby, Square of Three-quarters, Partridge, 
Vermont, Stillwell, Ake, Square of Two-thirds, Orange River, Cumber- 
land River. These rules are incorrect in principle, therefore no corree- 

tion is po.ssiblc. 

Another group of rules is derived by .snbstitutinrr n waste allowance 
proportional to total volume, plus a constant for logs of dilTerent sizes- 
taper not considered. It would seem as though some eflFort had been 
made to correct the inaccuracy of the preceding group by adding a 
constant to compensate for waste occasioned by sawing; lof-'s of different 
sizes. The underlying principles of these rules arc incorreet, liowcver, 
and consequently their values cannot be properly adjusted. 8uch rules 
are the following: 

Bangor, Boyntou, Parsons, Warner, Spauldin^^. TTannah, Wilcox, 
Fill! h and Appar. Ropp, Scribner. Favdt itr. .Maine, Herring, Dusenbury. 

Log rules with slab allowanee vnr\ iiii^ directly as the barked area of 
logs of different sizes and with sawdust allowance directly as the volume 
after the slab allowance has been made are correct in principle, but are 
not necessarily correct measures. Rules of this type are as follows: 

Champlain, Bou<?hman's Rotary Saw, Bouglnnan's Band Saw, Wilson, 
Carey, Baxter, CVuAi, British Columbia, Universal, International, 
Preston, Doyle, McKenzie. 

Of the preceding rules the Champlain, Universal, International and 
MeKenzie are the only ones that are at all flexible to milling conditions 
and character of timber to be sawed. The T'liamplain and the Universal 
are the same, with the exeeption of the slab allowance, which in the 
case of the Universal is twice as great as for the Champlain. The saw- 



dust allowance for both rules is made by allowing ( 100 — r^. -7 ) per 



cent of the volume of the log (taper not included) for sawdust This 
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factor is corro'-t for a prang' saw with saws k" thick and 1" apart, but 
does not apply to any other milling conditions. Taper is not taken into 
consideration by either of these rules. Both rules have a fixed slab 
allowiUMe, and tbe sawduat fketer is affeeted by aaw-kerf akwe. 

The International Log Rule also has a fixed slab allowanee, and the 
sawdust allowance is unaffected by dnTionsions of the lumber to be 
sawed. The vahie of this factor has been \s tr*ked out for different gauge 
saws, and is the same regardless of dimensions of the manufactured 
product. The rule baa a fixed taper allowanee of |" in 4^ and tables 
comikUed in accordance with the rule are baaed upon 4' sections. 

Since the analysis proved that no log rule now in use is universally 
applicable, a nilc has been prepared and desig^nated the McKenzie rule, 
which may be made to apply accurately to any set of conditions and at 
all times be susceptible to proper corrections made necessary by modi- 
fications ol local methods employed. 

Thia rule» with no allowanee made for ahrinkaf^e and aurfaeing, ia 
shown on page 19, and for convenienee may be written : 

With an allow^uxce lor shriul^age and surlaoing ij(keluded» the rule 

coi^plete becomes : 

r, (w + r + i) 0 + b + k)-wt]t{D-aY 

l*-(;r+7?i) J 4X12 

Where h and c in inches, represent these allowances in Uauckuess aud 
width, reapeetively. 
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APPENDIX. 

How to Adjust the McKeniio Log Bole to Condltloiui Bxlstiiig 

atAnyMOL 

This can best be shown by assuming a set of conditions and then 
reducing the rule from its general form to a special form in accordance 
with whatever the limitations imposed may be. For example, assume 

the followinsr : 

Mill output for |)t i'iod of three mouths: 

150.LC10 btl. ft. of 1" X 3" cut 1 l/lfi' < 3 1 N' 
120,000 b(l. ft. of 1" :< 4' cut 1 1/16" 4 I 

180,000 bd. rt. of r X 0* cut 1 i/i«" x 6 ijsr 

m.OOO bd. ft. of 1" X «• cot 1 1/1*' X S 1/8^ 

700,000 ImI. ft. nf 1- X cut 1 1 1*V X 12 I ; 4' 

i'iO,000 bil. ft. of 1 X 14" rut 1 1 K'-' >- H 14' 

300,0<TO bd. ft. of 1" X V' cut 1 1 Irt* x K. 1; I" 

270,000 bd. ft. of 1" K !»* CQl 11 Ifi' :< 1« 14" 

180,000 bd. ft. of « 4- X S^ cut 1 ©/l«>" X 8 18" 

m,Q» bd. ft. ot «/4« X 10* cot I X 10 l/fi' 

800.000 bd. ft. Of 6/4* X 12* eut 1 0/16* x IS l/l* 

300.000 bd. ft. of r. 4 y. 14" cut 1 0 10* x 14 1/4 ' 

273.(W bd. ft. of ft 4' .< K." cut 1 9 M" x IC 14" 

240,{X» M. ft. nf ' r X 18' cut 1 9 10' x 18 14' 

000,000 bd. It. ot r X *" cut 2 i/ar x * h&" 
4»,m bd. ft. of r X «• cut « i/s" X 6 1/8- 

JM.CO^ ImI. ft. of 2" X STctlt 2 18- •: 8 1 '»* 

n.'i.noo bd. ft. of 2" X Ifi- cut 2 1.8' x 10 18* 

■_'.'>, MO) hil. ft. of 2" X 12* cut 2 1 S" X 12 1/4" 

i'lO,«tn> bd. ft. of :i' X :i' rut 3 18" x 3 I S" 

270.000 bd. ft. of 3" X l ilt :t Ik' x 0 18" 

209,000 bd. ft. of Sr X liT cut i X 12 1/4" 

800,000 bd. ft. Of 4" X 4' cut 4 1;'8» x 4 1/8* 

IBO.OOO bd. ft. of 4' X 6" cut 4 1 .S» X 6 I S* 

375,W» bd. ft. of ;>» X cut 5 1/8'' X 8 1/8" 

1<».(HK) ft. of i," X «" cut 0 .'Vlfi' X « 3 Iti' 

i20.00J) b«l. ft. of «i' X y ctit 0 .'^ UV V S ;! i 

;;75,0O3 bd. ft. of 7" X cut 7 3 16" x 9 3 J'i" 

SSO.0O0 bd. It. o( a* X r cut 8 1/4" X 8 1/4* 

200.000 bd. ft. Of 8P X If cut 8 If 4' X 12 1/4" 

.•575.0OO bd. ft. of 8' X 10 rut 8 1,4" x 1« 14' 

IttO.OCO bd. U. of ir x 1::" tut 12 1/4" x 12 1,4" 

Width of saw kerf = 1/8" 

Average taper (not including butt logs or top logs) 

:=approx. 1/2" in 8' 
Average lliickuejis of shibs and edgiug.s at siiiall end of lugs = 5/ 8" 
To determine a special form of 

r (»• : r ■ k) {( ■ h ^k) — trf] 7r(f) ~a)- 



L-\- C = B.M. 
4 X 12 ^ 



which will conform to the above milting conditions and character of 
timber. 
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(o) The determination of the average value of 



For r' X 3" lumber cut 1 1/16" X 3 1/8" 

w = 3, c= 1/8 = .125, A; = 1/8 = .126 

< = 1, & = 1/16 = .0625 

(w + + = + .125 -f ,125 = 3.25 

(/ 6 + A )-- 1 .062 -f- .125 = 1.187 

+ c + A) + 6 -f A-) = 3.25 X 1.187 = 3.86 
wt = l X3 = 3 

^ 3.86 — 8 

Then {A) = l r^r-" 1 — -223 = .777 

' 8.86 



Thrrrfore 150,000 bd. ft. represents 77.7% of the orifnual material, 
or '22.'.^% hns been forfeited to sawdust, shrinkage and surfaoinpr in 
inanufaeturiug 1" X 3" lumber, cut 1 1/16" X ^ 1/8" when saw kerf 
= 1/8" 

150,000 

.777 



= 193,000 = the volume in bd. ft. of mAterial actually used 



in produciniir 150,000 bd. ft. of 1" X 3'^^ lumber (not including slabs 

and edgin«:s 1 . 

Witli si 111 liar determinations made for all other dimensions of lumber 

cut. wo have : 



m,m bd. 

IM.OOO M. 

180,()Urt b<l. 
22r».000 b<l. 
700.000 bd. 
55<).0OO b<l. 
»)0,()00 bd. 
270,000 bd. 
I8O.00O bd. 

275.(100 b<l. 
,V.(0,ftO(» 1m I. 
a'Kt.OOi li.l , 
2T5.00f> b.l. 
'24().i*X> b'l. 
000,000 bd. 
4SO,€0Obd. 
225.000 bd. 
U.I.OfX) bd. 
2<W,(.00 bd. 
210.000 b«i. 
270. «<0 bd. 
2GO«00O bd. 

soo.ooo bd. 

laO.OOO bd. 
:{7.'(.0(X> bd. 

120 .OUO bd. 
273,000 bd. 
260,000 bd. 
200,fl00 bd. 

;)7*.,f)fiO bd. 
IW.Ouil I" I. 



1' 



ft. oi 
ft. of 

ft. of 
ft. of 
ft. of 

ft. r.f 
ft i.f 
11. Ol 

ft. of 6/4* 

ft. c»f <> r' 
ft. of 0 r 

ft. of 0 i' 
it. of (> ■!• 
ft. of ivr 
it. of r 
ft. of 

ft. of 
ft. of 
ft. of 
ft. of 
ft. of 
It. of 
ft. of 

ft. of 
ft. of 
ft- of 
ft. of 
ft. of 
ft. of 
ft. Of 
ft. of 
(t. of 



2" 

2" 
3" 

sr 
I* 

4 • 
5" 
0' 
«' 
I 

sr 
tr 

1-r 



X cut 
X 4'eiit 

y «' cut 
X 8" cut 
X 12" nit 

\i' cut 
.< 10" cut 
X 1S»' cut 
X tf cut 

10* cut 

< 12" cut 
U' cut 

X 10 cut 

< IK" cut 
X 4" cut 
X «" cut 

< h" vut 
- nr cut 
• 12' rut 
-: .H" cut 

< *>" cut 
X 12' cut 
X 4* cut 
y fi* cut 

< s' cut 
X <i" cut 

>' K' cut 

9" cut 
X 8(' cut 
X M* m 

K." cut 

X 12' cut 



1 
1 

1 MW 

1 1 i<r 

1 M6" 

1 im' 

1 1 16- 

I yier 

I 9fVf 

1 9 ur 

1 10" 
1 « 10" 

1 <j }(■.' 

1 <> 

2 1/8" 
2 11*" 

2 1 S 
2 I 8' 
2 1 '8' 
I S" 
1 K' 
S l/«" 
4 l '8f 

4 1 M' 

5 1 8 

0 ;i 10" 

h .Mfv" 

7 3,: 10" 
B 1/4" 

8 1/4* 

.H 1 » ■ 
IL' 1 I' 



X »iyr 

X 4 1/»» 

X « I'sr 

V 12 1 r 

y M 1 *' 
X 10 14' 
X 18 1/4' 
X 81/8^ 

- 10 1 .s" 
12 11' 

- 14 11 
X 10 14 

- IH 1 4 ■ 
X 4 1/8* 

X ei/8" 



requiring 193,000 bd. 
reqoirtDff 151 .€00 bd. 

requiring 222.O0O bd. 
rcquiriDir 276,000 bd. 
rifiuirliii: .K-'iTJh") bd. 
reauliiuK 072.000 bd. 
rcfjulrliiK 3ft4,oa> bd. 
raquirtot S27.00Q bd. 
reqiilrtnr 2M,000 bd. 
refjulrlnir ai7,«l00 bd. 
rcQUirltvir i'-TO.OOO bd. 

rrMUjlili^' :;i(>,H«> hd. 

ri-^riiiriiii; 'Iri.onj b<l. 
rjHinirinir ^TjjKJObd. 
requiring 718,000 bd. 
ngulrfiur m.OOO bd. 



S ! >' 
10 I >' 
12 14" 

■.i ' 

0 1/8'' 

X 12. 1/4* 

X 4 1/8^ 

X 0 1 >- 

y 8 1 8- 

X ft :! !<>' 

X R -.i I'/ 

X y ;s 16 
X 8 1/4* 
X 12 1/4* 

■ 10 1 4 
X 12 1,4" 



rc<tT:1rlnu'- 
rc«iiK! irifj 
i'<-.ji:i '^inu' 
r*'<iuir1iiit 
miulrlnjr 
Tequirfo« 
reqiifrtns 
TCi)';;riiiL.' 
rci J I ; I r : 1 1 K 
T<^V i'U' 

rcquirinif 
rtHjuirltijr 
requlrioc 
renulrlnc 

rc'iuirlug 



,nno bd. 

i4:'.(iOO b<l. 
240. (XX) bd. 
304.000 bd. 
270,000 bd. 
840,000 bd. 
1W.O00 b«l. 
;i>*i,ooo bd. 
rn ,(» < I \ui, 
i.il.OOO IkI. 
2'>7,OOI) bd. 
277,000 bd. 
216,000 bd. 
vyj.^m bd. 
e<>2,o<io b<i. 



it. Of «oUd material, 
ft. of loSd matflrittl. 

ft. of toltd tDAto'ial. 
ft. of Bolld material, 
ft . of «olid iDHti riiil. 
ft. of solid matirml. 
ft. of solid material, 
ft. of aoUd niatnial. 
n. 4»f fond material, 
ft. of solid material, 
ft. of solid material, 
ft. ol solid mBtt-rial. 
It. of solid matfrinl. 
ft. of solid materiiil. 
ft. of aoHd material, 
ft. of aoHd matBrial. 

ft . of solid matcHnl. 
ft . of solid mati rial. 
ft, of solid iiiat«'ri;il. 
ft. of solid uiHteriai. 
ft. of solid material. 
It. of aoUd material, 
ft. of goltd material, 
ft. of solid matcrlnl. 
ft. of solid niuterial. 
ft. of solid material, 
ft. of solid material, 
ft. of solid material, 
ft. of aoUd matorf4a. 
ft. of aoUd material, 
ft. of solid II I lit fulfil, 
ft. of tioHd ni;itcr!:il . 



V,m),im bd. ft. is manufactured from 1U,51V.OUO bd. ft. of solid material, 

not tneludfog tbe waatage nccesiary for alaba and edgiogi. 
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10,010,000 — y,Ot>0,UOO = 1,450,000 bd. ft. required lor sawdust, 
flhriiikage And snrfaciiig. 
1,450,000 

10 510 000 ^ ~ fractional part of the logs, after slab allowance 

has been made, which becomes waste. 

(1 — .138) == fractional part becoming lumber. 

Therefore the average value of (A) becomes (1 — .138} for the above 
milling conditions. 

(6) The determination of slab allowance or surface wastage: 

Thia allowance is provided for in the formula by the constant "a**, 
which represents twici tin- average thickness of the slabs and edgings 
coming from the small cud of lojcrs. ropjardless of their length. The value 
of "a" can be closely estimated at any mill by watching the lopfs being 
sawed into lumber. If the character of the timber being sawed is such 
that a waste allawanee, additional to that made for slabs and edgings is 
necessary, to correct for losses due to crook, such an allowance should be 
made by increasing the value of the factor *'a" to a sufficient amount 
to olVst't loss 05; caused by such <lefeets. 

For the miUiug conditions under consideration here, the value of "a" 
is assumed to be 5/8" X ^, ov 1.25. Substituting this value and the aver- 
age value of (A), already determined, in the general formula, we have 
the following speeial form : 

7r{D — 1.25y 
(1 — .228) — - r«— L -i- C' = B.M. 
4X12 

for logs L feet lonfj with no allowance made for taper. 
For 8' sections this form becomes : 

o 

or 

.407 (I) — 1.25)=^ + 6' = B.M. 

The constant C is includtM] in the formula to enuntornct excessive 
taper in small logs, and its value should never be over 10 board feet. It 
can be definitely determined for a certain class of timber, by first ascer- 
taining the mill overrun for small logs when C»o, and then making 
the value of C great enough to correct for the overrun. Large logs will 
be affected a neprlii5'il)le amount by the addition of this small «innrttily. 

With C = 3 board feet, we have for the linal reduction of the general 
rule: 

.407 (D — 1.25)»-|-3 = B.M. 
to be applied to 8' aeetions with a taper of 1/2" in each 8^ 



Digitized by Google 



56 



STATE BOARD OF i'X)KEbTBY. 



A volume table based on the above rule with a taper allowaDce of 
1/2" in 8' should be compiled as follows : 



ticngtti 


1 








In 

# — * 

IMI 


• 


7 




8 


IS 


M 


1 


9 


14 


18 


25 


10 


16 


21 


28 


n 


17 


23 


81 


IS 


r ^ 


S6 


S4 * 


IS 


& 


» 


as! 


14 


SS 


80 


41 ; 


15 


u 


SS 


M ' 


16 1 


1 88 


as 


17 1 


17 


' 28 


38 


», 




30 


41 


M [ 


» 




' 


07 


SO ! 


81 ( 


«} 


« 


21 




49 1 


64 1 " 


22 1 


}» 


51 


68 


23 


40 


64 


71 




42 


67 > 


75 



DIAMETKB IN INOBES^ 

10 11 I 12 

BOABD FEET 



13 



14 



15 



7t 



as i m 



14& 



28 34 42 SO SO 



IM 



m 



182 



09 



Values for 8' sections of different diameters are first determined 

directly from the formula. Then 16' logs are considered as being made 
up of two S' sri'iinnsj. the one being one-hnlf indi in dianioter fjrf'nt;^ 
than till' otlhT; 24' lof^s as three 8' see! ions, one of them beiiiir tlu? 
measured diameter at small end of log, another one, oue-half inch greater 
than this, and the third, one inch greater. Thus, 26 board feet, which 
is the volume given in the above table for a log 16' long and 6'' in 
diameter, was obtained by adding 12 board feet, which is the volume 
given for an 8' section of snnie diamrt. r. ;ind 14 board feot obtained by 
averaging twelve and sixtit ii (The averai:e of 12 and IG board fet^t 
gives volume for 8' seelion, (six anil one -halt inches in diameter.) The 
volume of the 24' log of six inches in diameter shown in the table was 
obtained by adding 26 and 16. Twenty-six board feet being the volume 
of the first two 8' sections contained in the log and sixtct'ii board feet 
being the vohinie of the tliird or largest section. Other values may be 
obtained in a simihir manner. 

If the taper allowance were 1" in 8' instead of 1/2" in 8', a 16' log 
6" in diameter at the small end would scale the same as two 8' sections ; 
the one 6'' in diameter and the other 7". A 24' log 20" in diameter 
would, in like manner, seale tlie same as three S' sn tions; the first 20", 
the serond 21" and the tliird 22" in diameter. If this losr were 22' 
long instead of 24' the fecalc would then be equal to that of tlie tinst two 
sections plus three-quarters of the third. By similar computations, all 
values composing a complete volume table for logs of different diameters 
and lengths can be compiled. 

Log rules dt ♦'^rniined as ex|>lained in tliis Appendix apply to average 
conditions existini: at tlie mills where tliey arc made and are average 
rules which do not measure the tluctuations encountered in individual 
logs. 

o 
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